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(54) Bioniaterlal 

(57) A porous body is a calcium piiospiiates sin- 
tered body having a number of substantially globular 
pores (1 ). A porosity is not less than 55% and not more 
than 85%, and simultaneously, and a mean pore diam- 
eter is not less than 50 p.m and not more than 800 ^m. 
A pore (11) having a size larger than the mean pore di- 
ameter has at least three communicating pores (2) hav- 
ing a diameter of not less than 5 p.m, on the average, 
and simultaneously, a pore having at least the three 
communicatlrig pores (2) has at least one communicat- 
ing pore (2) having a diameter of not less than 25 ^m, 
on the average. The total opening area of the commu- 
nicating pore (2) which is possessed by the pore (11) 
having a size larger than the mean pore diameter occu- 
pies the ratio of not more than 50% of the pore surface 
area, in a dry state, it is possible to wet the whole the 
porous body by dropping water and blood (Fig, 1), 



FIG. 1 
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Description 

FIELD OF THE INVENTION 

[0001] The present invention relates to a biomember 
subserviently used In fonning a bone in a living body, 
and a method for preparation thereof. For example, 
when a bone is defected by Injury and disease, etc., the 
present invention relates to a biomember for regenerat- 
ing its own bone by compensating the portion. In addi- 
tion, the biomember can be used as sustained-release 
preparations (drug delivery system), and further, applied 
as carrier for cell culture In vitro. For example, when a 
bone for graft Is prepared In vitro, it can be also used. 

DESCRIPTION OF THE REI^TED ART 



[0002] Regarding a bone defected by injury and dis- 
ease, an artificial bone, a joint, etc. using metal or ce- 
ramics have been studied conventionally And, as the 
ceramics, alumina, zirconia, etc. have been put to prac- 
tical use in view of strength and no bio-hamnfulness. Al- 
so, as the metal having excellent processability, titani- 
um, etc. have been put to practical use In view of no bio- 
hamnfulness. 

[0003] However, since as to alumina, zirconia, titani- 
um, etc, a harmless member is simply substituted for 
the bone as much as possible, they are dead-tissues 
(Inert-tissues) incompatible with the living body even if 
a long time passes. Such tissues are not changed as a 
patient of growth phase or the aged patient grows older, 
that is, even if it is used for the patient of growth phase, 
it does not grow, and even if it Is used for the aged pa- 
tient, the patient may feel pain because it is not modified 
suitably for other bones. Further, if It is used for several 
years, release of ion etc. might occur. Though It is harm- 
less, there may be anxious factors. 
[0004] As other members, a calcium phosphates ce- 
ramics sintered body close to composition of an original 
bone, such as tricalcium phosphate, tetracaiclum phos- 
phate, hydroxyapatite, etc., has been put to practical 
use. The calcium phosphates ceramics Is known to have 
no bio-harmfulness and to be easily compatible in vivo 
to slowly bond to its own tissue, and an osteoclast 
erodes the calcium phosphates ceramics, and then, Its 
own bone may be fonned In the eroded portion. 
[0005] That is, once It is Inserted by one operation, 
thereafter, it has excellent characteristics capable of be- 
ing perfectly substituted for its own bone (or changed 
Into its own bone). However, the calcium phosphates ce- 
ramics Is weak In strength unless it is made as a com- 
pact body. 

[0006] However, since It takes a long time for the com- 
pact body to be compatible with the living body or it re- 
mains in itself In vivo, it is impossible to make the most 
of original characteristics. In order to substitute the cal- 
cium phosphates ceramics for its own bone, it is prefer- 
able to use a porous body, but the porous body may be 



weak in strength and difficult for use. 

SUMMARY OF THE INVENTION 

5 [0007] An object of the present Invention provides a 
biomember that has desired strength, and can remark- 
ably enlarge a contact area with a living body or body 
fluids of blood etc., and a method for preparation there- 
of. 

10 [0008] Another object of the present invention pro- 
vides a biomember that cell Infiltration Into an Inner sur- 
face Is very fast, and a method for preparation thereof. 
[0009] Another object of the present invention pro- 
vides a biomember to which a cell is easy to be attached, 
15 and a method for preparation thereof. 

[0010] Another object of the present invention pro- 
vides a biomember that outstanding recuperative pow- 
ers can be expected after operation, and a method for 
preparation thereof. 
20 [00111 A biomember according to one mode of the 
present Invention is a porous body of a calcium phos- 
phates sintered body having a number of substantially 
globular pores. The porosity Is not less than 55% and 
not more than 85%. A mean pore diameter is not less 
25 than 50 ^lm and not more than 800 ^im. A pore having 
a size larger than the mean pore diameter has at least 
three communicating pores having a diameter of not 
less than 5 jim, on the average, and simultaneously, a 
pore having at least the three communicating pores 
30 (openings) has at least one communicating pore having 
a diameter of not less than 25 ^im, on the average. A 
total opening area of communicating pores whteh are 
possessed by a pore having a size largerthan the mean 
pore diameter occupies the proportion of not more than 
35 50% of a pore surface area, on the average. In a dry 
state, It Is possible to wet the whole porous body by 
dropping water or blood. 

[0012] Also, a biomember according to the other 
mode of the present invention is a porous body of a cal- 
40 clum phosphates sintered body having a number of sub- 
stantially globular pores, and simultaneously, the poros- 
ity is not less than 65% and not more than 85%, and 
simultaneously, a mean pore diameter is not less than 
1 00 M-m and not more than 600 ^m. A pore having a size 
45 larger than the mean pore diameter has at least four 
communicating pores having a diameter of not less than 
5 Jim, on the average, and simultaneously, a pore having 
at least the four communicating pores has at least one 
communicating pore having a diameter of not less than 
50 50 pxn, on the average. A total opening area of commu- 
nicating pores which are possessed by a pore having a 
size larger than the mean pore diameter occupies the 
proportion of not more than 40% of a pore surface area, 
on the average. In a dry state, it is possible to wet the 
55 whole porous body by dropping water or blood. 

[0013] Preferably, a pore having a size larger than a 
mean pore diameter has at least six communicating 
pores having a diameter of not less than 10 jim, on the 
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average, and simultaneously, a pore having at least the 
six connnrtunicating pores has at least two communicat- 
ing pores having a diameter of not less than 50 \vm, on 
the average. 

[0014] Atso, a sum of flat areas of pores having a size 
larger than a mean pore diameter, which are shown in 
any plain cross sections is not less than 25% and not 
more than 60% of flat areas of ail of the cross sections. 
Further, a sum of flat areas of pores having a size larger 
than a mean pore diameter, which are shown in any 
plain cross sections is not less than 35% and not more 
than 55% of flat areas of all of the cross sections. 
[0015] Or, once a sintered body which is processed, 
washed and dried is only brought into contact with water 
(pure water) without performing pretreatment, the water 
infiltrates into a core part by a capillary phenomenon. 
[0016] Also, once a sintered body which is processed, 
washed and dried is only brought Into contact with blood 
(whole blood) without perfomning pretreatment, the 
blood infiltrates into a core part by a capillary phenom- 
enon. 

[0017] A thickness of a circumferentia! portion of a 
communicating porefonned by causing pores having a 
size larger than a mean pore diameter to overlap with 
each other is set to be about the thickness of oneparttete 
of calcium phosphates. In addition, the pore was formed 
from foaming by stirring of a slurry. Preferably, the cal- 
cium phosphates sintered body is hydroxyapatite, 
[0018] Further, an osteogenic cell is introduced into a 
pore. Also, an automyelocyte is introduced into a pore. 
Also, a homogeneous myelocyte is Introduced into a 
pore. And, a fetal myelocyte is introduced into a pore. 
Also, an undifferentiated stem cell is Introduced into a 
pore. 

[0019] Or, an osteogenic ceil to which a gene of an 
active factor was introduced is introduced Into a pore. 
Also, an automyelocyte to whk)h a gene of an active fac- 
tor was introduced is introduced into a pore. Also, a ho- 
mogeneous myelocyte to which a gene of an active fac- 
tor was introduced is Introduced into a pore. Also, a fetal 
myelocyte to which a gene of an active factor was intro- 
duced is introduced into a pore. And, an undifferentiated 
stem cell to which a gene of an active factor was intro- 
duced is introduced into a pore. 
[0020] Or, an active material is attached to an inner 
surface of pore. Also, the active material is referred to 
as a cell adhesive promoting material. And, the active 
material is referred to as a cell proliferation promoting 
material. Also, the active material Is referred to as an 
osteogenesis promoting material. Also, the actlye ma- 
terial is refen-ed to as a bone absorption inhibiting ma- 
terial. And, the active material is refen-ed to as a vascu- 
larization promoting material. Or, the active material is 
a combination comprising at least two of the ceil adhe- 
sive promoting material, cell proliferation promoting ma- 
terial, osteogenesis promoting material, bone adsorp- 
tion inhibiting material and vascularization promoting 
material. 
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[0021 ] Further, an osteogenic ceil is introduced into a 
pore that an active material is attached to the surface. 
Also, an automyelocyte is introduced Into the pore. Or, 
a homogeneous myelocyte is Introduced into the pore. 

5 And, a fetal myelocyte is introduced into the pore. Also, 
an undifferentiated stem cell is introduced Into the pore. 
[0022] Or, an osteogenb cell to whteh a gene of an 
active factor was introduced is introduced into a pore 
that an active material was attached to the surface. Atso, 

10 an automyelocyte to which a gene of an active factor 
was introduced Is introduced into a pore. Also, a homo- 
geneous myelocyte to which a gene of an active factor 
was introduced is introduced into a pore. And, a fetal 
myelocyte to which a gene of an active factor was intro- 

15 duced is introduced into a pore. Also, an undifferentiated 
stem cell to which a gene of an active factor was intro- 
duced is Introduced into a pore. 
[0023] Also, drugs are stored in a pore, and the whole 
thereof Is made into sustained-release preparations. 

20 [0024] In the other mode of the present Invention, it is 
preferable that a mean particle diameter of a calcium 
phosphate particle of slurry raw materials Is of the sub- 
micron order (i.e., not less than 0.1 \l m and not more 
than 1 \L m), and it is preferable that the maximum par- 

25 tide diameter is also of the submteron order. 

[0025] A porous body has a particle diameter of about 
0.1 p.m in a dry state, and after sintering, it is preferable 
that the particle diameter grows to be about 2 - 3 ^m. 
[0026] A preferable sintered porous body is in the 

30 state that grain growth is completed and adjacent parti- 
cles are compactly contacted each other. The preferable 
sintered porous body is a perfect sintered body compris- 
ing of substantially 1 00% of apatite (ie, hydroxyapatite). 
[0027] In a preferable mode of the present invention, 

35 thewhole of raw particles is asubmlcron (aboutO.1 p,m) 
In diameter. The raw particles stabilize a pore shape by 
cross-polymerizable resin being a kind of polyn^er. A 
temperature In sintering Is about 1.100'C. The submi- 
cron particles attain grain growth to be particles of not 

40 more than 5 jim. A porous body after sintering compris- 
es 100% of apatite. After sintering, unevenness of the 
particles on the surface of a pore wall is less, the suriace 
is smooth, and adjacent particles are compactly contact- 
ed each other. A pore wall has a dense microstructure. 

45 [0028] The porous body of the present invention is 
such that a skeleton becomes a compact apatite struc- 
ture by grain growth of raw particles. The surface of a 
pore wall is smooth. The body is strong. 
[0029] Also, for example, in order to infiltrate blood 

50 etc. into ai pore, processing crumbs (powder) etc. should 
not be present on the surface. It becomes difficult for 
blood etc. to infiltrate. It Is believed that the processing 
cmmbs are surely produced during the processing re- 
quired after sintering, however, if a communicating pore 

S5 is small or the surface Is sintered prematurely (insuffi- 
ciently), it becomes difficult to entirely remove them up 
to a core part by washing, and thus, infiltration of blood 
etc. is intermpted. 
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[0030] The porous body of the present invention is 
such that because comnfiunlcating pore communicate 
with each other and the Inner surfaces are smooth, the 
processing crumbs are easily removed by washing. 
[0031] Further, it is preferable that edges of a commu- 
nicating pore are thin and sharp up to a size of one par- 
ticle sintered. 

[0032] According to the other mode of the present in- 
vention, by combining a biomember of an artificial joint 
etc. with the above-mentioned calcium phosphates sin- 
tered body, a biomember which can be unprecedentedly 
promptly integrated with a bone can be obtained. 
[0033] Such a biomember Is very useful as an artificial 
bone for a portion to which heavy load is applied or an 
artificial joint. 

[0034] The biomember according to an appropriate 
mode of the present Invention is such that a part or the 
whole of the outer surface of a compact member Is a 
porous member comprised of a calcium phosphates sin- 
tered body, the compact member has a porosity of not 
less than 0% and not more than 15%, the porous mem- 
ber has a porosity of not less than 55% and not more 
than 85%, and simultaneously, a pore of the porous 
member Is comprised by assembling substantially glob- 
ular pores, a mean pore diameter is not less than 50 \l 
m and not more than 400 m, a pore having a size larger 
than the mean pore diameter has at least three commu- 
nicating pores having a diameter of not less than 5 m, 
on the average, and simultaneously, a pore having the 
communicating pores has at least one communicating 
pore having a diameter of not less than 25 \i m, on the 
average, and simultaneously, a pore having a size larger 
than the mean pore diameter is opened as the commu- 
nicating pore in the proportion of not more than 50% of 
pore surface area, on the average, and the whole of the 
porous member can be wetted by dropping water and 
blood in a dry state. 

[0035] The biomember according to the other mode 
of the present invention is such that a porous member 
is a calcium phosphates sintered body, the porosity Is 
not less than 55% and not more than 85%, and simul- 
taneously, the porous part is comprised by assembling 
substantially globular pores, a mean pore diameter is 
not less than 50 p. m and not more than 400 ^ m, a pore 
having a size larger than the mean pore diameter has 
at least three communicating pores (open pores) having 
a diameter of not less than 5 ^ m, on the average, and 
simultaneously, a pore having the communicating pores 
has at least one communicating pore having a diameter 
of not less than 25 on the average. And, blood or 
cells are easily Impregnated In a pore. 
[0036] Because the biomember Is comprised of a cal- 
cium phosphates sintered body, it can promote regen- 
eration of a bone. If a pore is f onned into a substantially 
globular shape as a whole, it has no directional property, 
and is easy to retain its strength. In addition, it can en- 
large a surface area to which cells are attached. 
[0037] Generally, a human cell has a size close to 1 0 
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\L m, an erythrocyte of an adult is also 8 - 9 ji m in a 
diameter. If a communicating pore is 25 m in a diam- 
eter, the effects are sufficiently exhibited, and if a com- 
municating pore is not less than 40 m in a diameter, 

5 the penetrating amount of oxygen, nutrients, cells, etc. 
is preferably enhanced. That is, a pore having at least 
three communicating pores (open pores) having a diam- 
eter of not less than 5 m has preferably at least one 
communicating pore having a diameter of not less than 

to 40 n m. 

[0038] By having such a large communicating pore 
and three-dimensionalty communicating with many 
pores, circulation of body fluids of the whole biomember 
inner part becomes better, and also, a cell becomes 
15 easy to infiltrate into a core part of the biomember. 
[0O39] Preferably, a pore having a size larger than a 
mean pore diameter has at least four communicating 
pores having a diameter of not less than 5 p,m, on the 
average on the inner surface, and such a pore has pref- 
20 erably at least one commun icating pore on the average 
having a diameter of not less than 50 ^m. More prefer- 
ably, a pore having a size larger than the mean pore 
diameter has at least six communicating pores having 
a diameter of not less than 10 \wn, on the average, and 
25 such a pore has at least two communicating pores hav- 
ing a diameter of not less than 50 ^u^l, and therefore, 
circulation of body fluids into a pore becomes active. In 
addition, it Is particularty preferable that a pore having 
at least two communicating pores having a diameter of 
30 not less than 50 m has communicating pores having 
a diameter of not less than 80 n rh. 
[0040] It is preferable that a pore having a size larger 
than the mean pore diameter in a porous member is 
opened as the communicating pore in the ratio of not 
35 more than 50% of one round pore surface area, on the 
average. It is because if the pore inner surface area to 
be lost as a communicating pore becomes larger than 
50%, a surface area to which a cell is attached becomes 
too small and it also affects the strength. Preferably, it 
40 is not more than 40%. 

[0041] In explaining a pore having a size larger than 
the mean pore diameter, the pore having a size larger 
than approximately the mean pore diameter substantial- 
ly affects extremely the effects etc. 
45 [0042] The mean pore diameter of the present Inven- 
tion can be measured for example by a resin embed- 
ding. And, the 50% volume pore diameter i.e., a diam- 
eter of a pore when the value becomes exactly 50% of 
total pores by integrating volumes in a large pore (or a 
so small pore) Is refenred to as the mean pore diameter 
[0043] Also, in any plain cross section, when observ- 
ing a pore state In a plain aspect, it is preferable that a 
pore having a size larger than the mean pore diameter 
is 25 - 60% of a flat area. When it is less than 25%, a 
S5 pore part becomes small, and thus, cell infiltration be- 
comes difficult, and when it is more than 60%, it is liable 
to be weak In strength. More preferably, it is 35 - 55%. 
Even more preferably, it is 40 - 50%. 
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[0044] The biomember of the present invention is 
such that as a circumference part (i.e., the above-men- 
tioned edge) of a communicating pore fomried by caus- 
ing pores to overlap with each other Is formed sharply 
to the extent of the thickness of one calcium phosphate 
particle, it enlarges the surface area. Such characteris- 
tics of the pore can be obtained from foaming by stining 
sluny raw material, and then, drying and sintering. At 
this time, it is preferable that the mean particle diameter 
of calcium phosphate particles of the slurry raw material 
is of the submlcron order (i.e., not less than 0.1 m and 
up to 1 n m), and it Is preferable that the maximum par- 
ticle diameter is also of the submicron order. 
[0045] In the biomember of the present invention, a 
pore is not formed by baking and taking-out using glob- 
ular partteles of urethane etc. Thereby, pressure forming 
is not needed, there is no directional property that pores 
become plain etc., and simultaneously, compared with 
that a contact point of urethane is opened, In the bi- 
omember of the present invention, a communicating 
pore becomes remarkably large, and simultaneously, a 
surface area can be enlarged. For Instance, Japanese 
Patent Laid-Open No. hei 10-167853 describes a po- 
rous body in which a circumferential part of a communi- 
cating pore is fornied sharply, and because It is made 
by baking and taking-out. a communicating pore is as 
small as not more than 1 0 ^l m In diameter, and It is dif- 
ficult for a cell to penetrate. 

[0046] As one satisfying the above conditions, in the 
present invention, at least a porous member should be 
able to wet the inner surf ace of a pore in detail by water 
or blood In order that body fluid or cells can infiltrate eas- 
ily. 

[0047] In the present invention, because a pore of a 
porous member uses the one in the foregoing specific 
state, and the structure is homogeneous throughout the 
inner part, It is possible to wet the whole in a dry state 
by dropping water and blood. 
[0048] By processing a sintered body if necessary, 
and then, washing and drying, for example, if a part 
thereof is immersed into water (pure water), such a po- 
rous member can soak water by a capillary phenome- 
non without pretreatment, even in a dry state. Also, it 
has characteristics that if water drops, it can flow into an 
Inner part to reach a bottom part. Regarding blood 
(whole blood), it is the same as water. 
[0049] The "in a dry state" means no treatment such 
as coating of surfactants or previous wetting by priming, 
etc., and it Is possible to use without pretreatment for a 
living body. In addition, this expression is not the mean- 
ing of limiting a practical using method. 
[0050] The porous member is Installed in a portion 
where intejgration with a bone is needed. An artificial 
coxal bone articulation is a stem part. The thickness is 
related to a pore diameter, and thus. It is preferable to 
be not less than 300 n m, and it is more preferable to be 
not less than 500 \i m. However, because the porous 
member is weak in strength, after Integrating with a 



bone, It is preferable that it disappears by adsorption 
into the bone, and for this reason, it is preferable to be 
not more than 3 mm. 

[0051] A compact member supports a load substan- 
5 tially, and is good as a member used in the conventional 
artificial Joint, and for example, ceramics such as alumi- 
na, zirconia, etc, and metals such as titanium, titanium 
alloy, etc. are used. The compact member has a porosity 
preferably not more than 15%, and it is preferable that 
10 it has a porosity of not more than 5% even if the ceramics 
etc. Preferably, there are not substantially pores. If there 
Is no problem in strength, it is preferable to use a com- 
pact body of calcium phosphates sintered body. 
[0052] Even if such a compact body itself is buried into 
15 a bone, it generates a gap in a living body, or deviates, 
and therefore, it is not readily compatible. However, 
since its surface is made of a calcium phosphate porous 
body of the specific pore shape of the present Invention, 
compatibleness with a bone becomes faster remarka- 
20 biy. It is believed that regeneration of a bone begins in 
a porous body and is Integrated. 
[0053] There Is no specific restriction to methods of 
forming a porous member on the surface of a compact 
member, however, on tiie grounds that a themial expan- 
ds sion coefficient Is different etc. In a calcium phosphates 
sintered body and metals or ceramics of the other ma- 
terial, an Intemnediate layer may be Installed therebe- 
tween because bonding and adhesion may be dtfticult. 
[0054] The intennediate layer Is preferably selected 
30 from ceramics of glass for a living body, calcium phos- 
phate and calcium tltanate. In particular. It is preferable 
that the Intennediate layer is hydroxyapatite fomried by 
spray coating. 

[0055] If a biomember is an artif bial joint and a porous 
35 member Is the outer surface of a stem part, the effects 
of the present invention can be particularly exhibited. In 
this case, the compact member of the stem may have 
unevenness on the surface. The compact substance 
part of the stem may have pits or slits. 
40 [0056] The porous member of the present invention 
may be fonmed by adhesion of the laminated shape, or 
may be also fomned by adhesion of a calcium phos- 
phates sintered body of the granular shape.. After a hy- 
droxyapatite layer Is fomried by spray coating on the out- 
45 er surface of a compact substance member, an outer 
surface layer of a porous substance Is adhered by inter- 
calating a slurry, or foamed sluny forms a surface layer, 
and then, they may be integrated by thermal treatment 
or sintering. 

50 [0057] Further, In order to accelerate integration with 
a bone and a biomember, active materials may be at- 
tached to the pore Inner surface of a porous member, 
and osteogenic cells, automyelocytes, homogeneous 
myelocytes, fetal myelocytes or undifferentiated stem 

55 cells may be Introduced into a pore. Furthemiore, oste- 
ogenic cells to which a gene of an active factor Is Intro- 
duced, automyelocytes to which a gene of an active fac- 
tor is introduced, homogeneous myelocytes to whtoh a 




001 155705 [http://www.getthepatentxom/Logjn.dog/$mfink99/FetchyDefault.dQg/EP001 155705.cpc?toolbar^ 6 of 47 



9 EP 1 155 705 A2 10 



gene of an active factor is introduced, fetal nnyelocytes 
to which a gene of an active factor is introduced or un- 
differentiated stem cells to which a gene of an active 
factor is introduced, may be introduced into a pore. Also, 
various cells or various cells to which a gene is intro- 
duced may be used together with the active materials. 
[0058] The blomember according to the other mode 
of the present invention is the biomember for regener- 
ating its own bone by compensating the portion when a 
bone is defected or excised by injury or disease. 
[0059] For example, as a member having at least a 
compact part and a porous part comprised of a calclunri 
phosphates sintered body, the compact part has a po- 
rosity of not less than 0% and not more than 50%, and 
the porous part has a porosity of not less than 55% and 
not niore than 85%, and simultaneously, a pore of the 
porous part is comprised by assembling substantially 
globular pores, a mean pore diameter is not less than 
50 |i m and not more than 800 ^ m, a pore having a size 
larger than the mean pore diameter has at least three 
communicating pores (open pores) having a diameter 
of not less than 5 ^ m, on the average, and simultane- 
ously, such a pore has at least one communicating pore 
having a diameter of not less than 25 \l m, on the aver- 
age, and simultaneously, pores having a size largerthan 
the mean pore diameter are opened in the ratio of not 
more than 50% of the pore surface area, on the average, 
and also, the porous part can wet the whole by dropping 
water or blood in a dry state. 

[0060] The compact part has a porosity of not less 
than 0% and not more than 20%, at least pores of the 
porous part are formed by stirring and bubbling of a slur- 
ry, and the calcium phosphates sintered body is prefer- 
ably hydroxyapatite. 

[0081 ] Preferably, active materials are attached to the 
pore inner surface of a porous part of such a blomember. 
Also, at least one of osteogenic ceils, automyelocytes, 
homogeneous myelocytes, fetal myelocytes and undif- 
ferentiated stem cells is introduced into a pore of a po- 
rous part of the biomember. Similariy, at least one of os- 
teogenic cells to which a gene of an active factor is in- 
troduced, automyelocytes to which a gene of an active 
factor is introduced, homogeneous myelocytes to which 
a gene of an active factor is introduced, fetal myelocytes 
to which a gene of an active factor is introduced and 
undifferentiated stem ceils to which a gene of an active 
factor is introduced, is preferably introduced into a pore 
of a porous part of the blomember. Meantime, it is pos- 
sible to use as sustained release preparations by storing 
drugs into a pore of a porous substance. 
[0062] If the compact part has a porosity of not more 
than 20%, the strength is enhanced preferably and suf- 
ficiently. In case where the compact part is hydroxyap- 
atite, when the porosity is riot more than 50%, bending 
strength becomes about 30-50 MPa, and when the po- 
rosity is not more than 20%, the bending strength be- 
comes about 80-150 MPa, and therefore, heavy load is 
applied so that it gets to have the strength enough to 



support the load applied from the bone of a patient. Also, 
it can endure a stro!<e, and its handling can be easily 
perfonned in the operation etc. 
[0063] If the compact part is not more than 50% of the 

5 whole volume of a biomember, it can take preferably and 
sufficiently a porous part to be substituted for a bone. If 
the compact part is formed in a part of the outer surface, 
for example, when it is buried in a bone, it can be pref- 
erably tapped and inserted. 

10 [0064] If the compact part is fonmed in an Inner part, 
while a porous part of outer surface is substituted for a 
bone in vivo, the compact part can maintain the strength 
of a biomember. If the compact part is fomned in a part 
of the outer surface and inner part, the foregoing both 

15 effects are preferably obtained. 

[0065] If the whole shape is a circular cone and a bot- 
tom surface is a compact part. It becomes a configura- 
tion usually used in an actual operation, and simultane- 
ously, stril<e-lnstallatlon is preferably possible. And, If an 

20 ampulla of a porous substance is set In the vicinity of an 
apex of the circular cone, a part of the ampulla is cut 
when it is inserted into a bone, and preferably, the cut- 
tings fill up the remaining space. 
[0066] if the whole shape is cylindrical and only pe- 

25 ripheral side is a compact part, for example, an Intemne- 
diate part of a rhabdome bone such as a feriiur, humer- 
us, etc. can be preferably fonned only by the biomember 
of the present Invention . 

[0067] if the whole shape is rectangular and only one 

so side of outer surfaces is a compact part, for example, it 
is preferably suitable to be buried into a part of a large 
bone. Further, the compact part may be installed verti- 
cally toward an Inner part from a stroke part to transmit 
a stroke power to the inner part. 

35 [00|88] A compact part is formed at the whole one side 
to transmit an impact by a jalastic hammer etc. to the 
biomember as a whole, and its thickness is preferably 
not less than about 3 mm. When a surface area of the 
compact part is made much larger, pits may be installed . 

40 in the compact part so as not to interrupt penetration of 
blood or cells with respect to a porous part. And, the pits 
may be filled with porous substances. 
[0069] In the blomember of the present invention, in 
a pore shown in any plain cross section of a part of the 

45 porous substances, a sum of flat areas of pores having 
a pore diameter larger than the mean pore diameter is 
preferably 25-60% of flat areas of the total cross sec- 
tions. In up to 25%, since pore parts become smaller, 
cell Infiltration becomes difficult, and in more than 60%, 

50 it Is liable to be weak in strength. More preferably, it is 
35-55%. Still more preferably, it is 40-50%. 
[0070] In a porous part, if a circumference part of com- 
municating pores fonned by causing pores to overlap 
with each other is comprised of the thickness of a par- 

55 tide of calcium phosphate, as a result, the surface area 
is preferably enlarged. 

[0071] In the present invention, it is preferable that 
pores of a porous part are formed by stirring and bub- 
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bling of a slurry because a pore diameter can be con- 
trolled as a whole while maintaining characteristic pore 
shape that If the sluny is prepared by foaming, pores 
are substantially globular and communicating pores are 
numerous and large. 

[0072] The biomember of the present Invention, In 
particular, the porous part is preferably comprised of hy- 
droxyapatlte having an excellent strength among calci- 
um phosphates sintered bodies, and the purity is pref- 
erably not less than 98%, particularly 100%. Similarly, 
the compact part is preferably comprised of hydroxyap- 
atite. 

[0073] If active materials are attached to the pore In- 
ner surface of a porous part of such a biomember, it Is 
preferable to further accelerate regeneration of the 
bone. The active materials are preferably combinations 
comprising at least one or two of cell adhesion promot- 
ing material, cell proliferation promoting material, oste- 
ogenesis promoting material, bone absorption inhibiting 
material and vascularization promoting material. 
[0074] Further, if at least one of osteogenic cells, au- 
tomyelocytes, homogeneous myelocytes, fetal myelo- 
cytes and undifferentiated stem cells Is introduced into 
a pore of a porous part of the biomember, it Is also pref- 
erable to accelerate regeneration of the bone. 
[0075] SImilariy, If at least one of osteogenic cells to 
which a gene of an active factor is introduced, automy- 
elocytes to which a gene of an active factor is intro- 
duced, homogeneous myelocytes to which a gene of an 
active factor is introduced, fetal myelocytes to which a 
gene of an active factor Is Introduced and undifferenti- 
ated stem cells to which a gene of an active factor is 
Introduced is preferably introduced into a pore of a po- 
rous part of the biomember, it is also preferable to ac- 
celerate regeneration of thebone. Incase where various 
ceils or various ceils to which genes are Introduced are 
introduced into the pore of such a porous part, various 
active materials can be used together 
[0076] When drugs are stored into a pore of a porous 
substance, It becomes sustained-release preparations, 
for example, the sustained release amount of the drugs 
can be controlled by adjusting the surface proportion of 
a compact part, and the drugs have directional property 
in eiution. 

[0077] Since the biomember of the present invention 
has the above-mentioned characteristics, it can be ap- 
plied to all sorts of cell culture carriers in vitro, and of 
course, used In preparing a bone for a graft in vitro. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0078] 

Fig. 1 is a photomicrograph enlarging a cross sec- 
tion of a biomember of an embodiment of the 

present invention; 

Fig. 2 is a diagram showing main pores in Fig. 1 ; 
Fig. 3 is a diagram showing pores having a size larg- 
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er than a mean pore diameter in Fig. 1 ; 
Fig. 4 is a diagram showing pores and communicat- 
ing pores in Figs. 1 and 3; 
Fig. 5 is an enlarged photograph in which resins are 
5 embedded in pores; 

Fig. 6 Is an enlarged photograph in which resins are 
embedded in pores; 

Fig. 7 Is a diagram showing a biomember buried In 
vivo; 

10 Figs. 8A and SB are diagrams showing a biomem- 
ber buried In vivo, respectively; 
Fig. 9 Is a diagram showing a biomember coated by 
active materials; 

Fig. 10 Is a diagram showing a biomember coated 
IS by active materials and buried in vivo; 

Fig. 11 is a diagram of a biomember which active 
materials are coated, cells are introduced into and 
is cultured in an artificial environment; 
Fig. 12 Is an enlarged photograph showing a cross 
20 section of the biomember presenting the other em- 
bodiment; 

Fig. 13 is a graph showing the state of a pore dis- 
tribution In the other embodiment having a mean 
pore diameter of 300 \i m; 
25 Fig. 14 is a graph showing the state of a pore dis- 
tribution in the other embodiment having a mean 
pore diameter of 1 90 m; 
Figs. 15 to 23 show the other various embodiments 
of the present invention; 
30 Fig. 24 Is a photomicrograph enlarging a cross.sec- 
tion of the biomember In Fig. 1 ; 
Fig. 25 is a photomicrograph further enlarging a 
cross section of the biomember of Fig. 24; and 
Fig. 26 is a photomicrograph further enlarging a 
35 cross section of the biomember of Fig. 25. 

DETAILED DESCRIPTION OF THE EMBODIMENTS 

[0079] Hereinafter, embodiments of the present in- 
^ vention will be described in detail with reference to the 
drawings. 

Embodiments of Figs. 1-14 

45 [0080] The biomember according to an embodiment 
of the present Invention is comprised of a porous calci- 
um phosphates sintered body, has no bio-harmfutness, 
and has relatively the strength even if it is a porous sub- 
stance. What the porosity is not less than 55% and not 
50 more than 85% can enlarge a surface area of pores 
while maintaining the strength, and Is very suitable for 
the biomember. Preferably, It Is not less than 65% and 
not niore than 85%. 

[0081] In addition, what a pore diameter is not less 
55 than 50 m and not more than 800 m on the average 
is used. In up to 50 |x m Is used, cell infiltration is difficult, 
and in more than 800 \i m, strengtii deterioration and 
decrease of a pore surface area occur. Preferably, a 



EP1 155 705 A2 



50 



15 



20 



25 



30 



^001 155705 [ htt p://www.getthepa tentxom/Loq in.dog/$mfi^ 155705.cpc?toolbar=bottompart=mainfromCache=1qetData=Paa6 8 of 47 



13 



EP1 155 705 A2 



14 



mean pore diameter is not less than 100 m and not 
more than 600 \i m, and more preferably, not less than 
100 m and not more than 350 m, 
[0082] For example, a microphotograph of a cross 
section of a biomember comprising 100% hydroxyapa- 
tite and having a mean pore diameter of 300 p. m is 
shown in Fig. 1 , and the one having a mean pore diam- 
eter of 160 n m is shown in Fig. 12. Also. In Fig. 2, main 
pores 1 existing In the cross section in Fig. 1 are plotted, 
and In Fig. 3, only pores 1 1 having a size larger than the 
mean pore diameter In Fig. 2 are plotted. And, in Fig. 4, 
In the Inner surface of the pore 11 in Fig. 3, opened parts 
(communicating pores 2) that communicate with other 
pores 1 are plotted two-dimensionally by hatching. Fur- 
ther, in Fig. 2 - Fig. 4, numeral 8 represents hydroxyap- 
atite. 

[0083] As known clearly from these drawings, the bi- 
omember of the present Invention has a number of 
pores 1, and the pores 1 are fomried in a substantially 
globular shape as a whole. The globular pore 1 has no 
directional property, and is easy to maintain the 
strength. Also, the pores 1 are formed in a substantially 
globular shape, but when communicating pores 2 are 
fomned In an Interface by coming into contact with adja- 
cent pores 1 » a flat configuration becomes the same 
configuration as an outline when two circles are over- 
lapped partially. 

[0084]. Using such configuration is in order to enlarge 
a surface area. Even after sintering, an edge (open 
pore) remains sharply on the circumference of commu- 
nicating pores 2, which are an interface of pores 1 , 1 of 
the biomember But, the edge may be removed a little 
by etching etc. so as to easily flow body fluid such as 
blood etc. 

[0085] Further, In the pores 1 , pores 1 1 having a size 
larger than the above-mentioned mean pore diameter 
have at least three communicating pores 2 having a di- 
ameter of not less than 5 p. m, on the average - they 
have communicating pores 2 having a diameter of not 
less than 5 ^ m in the ratio of at least three points on the 
average - and therefore, body fluid is impregnated eve- 
rywhere. In addition, what a diameter of one communi- 
cating pore 2 is 6 n m "on the average" etc. defines the 
diameter In case of converting a transverse section con- 
figuration of the communicating pore 2 into a complete 
circle of the same transverse section volume. Also, 
since a pore having at least three communicating pores 
2 on the average has at least one communicating pore 
2 having a diameter of not less than 25 ^l m, on the av- 
erage, cells are easy to infiltrate into pores 1 1 In addition 
to the body fluid. 

[0086] Generally, since human cell has a size close 
to 1 0 [I m and an erythrocyte of an adult is also 8-9 (i m 
in diameter, if there are communicating pores 2 of 25 p. 
m, it Is enough that oxygen or nutrients spread uniformly 
and cells penetrate. By having such large communicat- 
ing pores 2 and communicating with many pores 11 
three-dimensionaliy, body fluid circulates better In the 



whole biomember, and a cell easily infiltrates into a core 
part of the biomember. Additionally, since the circulation 
is enhanced remarkably by a communicating pore 2 of 
not less than 40 \i m, such setting is preferable. 
5 [0087] Preferably, pores 1 1 having a size larger than 
the mean pore diameter have at least four communicat- 
ing pores 2 having a diameter of not less than 5 ^ m, on 
the average, and among them, it is preferable to have 
at least one communicating pore 2 having a diameter of 

10 not less than 60 m, on the average. More preferably, 
pores 11 having a size larger than the mean pore diam- 
eter have at least six communicating pores 2 having a 
diameter of not less than 10 p. m, on the average, and 
among them, by having at least two communicating 

15 pores 2 having a diameter of not less than 60 \i m, on 
the average, circulation of body fluids Into pores 11 be- 
comes active. In addition, it is particularly preferable that 
the foregoing (at least two points on the average) com- 
municating pore 2 having a diameter of not less than 50 

20 m has a diameter of not less than 80 p. m. 

[0088] However, it is preferable that pores 11 having 
the foregoing large communicating pore 2 and a size 
larger than the mean pore diameter are opened as the 
communicating pore 2 In the ratio of not more than 50% 

25 of a pore Inner surface area (in other words, the total 
opening area of the communicating pore 2 which is pos- 
sessed by the pore 11 having a size larger than the 
mean pore diameter occupies the proportion of not more 
than 50% of the pore surface area on the average). If 

30 the pore inner surface area to be lost as communicating 
pores 2 Is largerthan 50%, a surface area to attach cells 
becomes too small. Further, it also affects strength. 
Preferably, it is not more than 40%. 
[0089] In satisfying the foregoing conditions, the pore 

35 inner surface should be wet in detail by water or blood 
In order that body fluid or cells Infiltrate easily In this 
regard, as mentioned in the above, becausethe present 
invention uses pores 11 of the specific state and it has 
a homogeneous structure through inner part, a sintered 

^0 body wh Ich is processed If necessary and then washed 
and dried can soak water by a capillary phenomenon In 
a dry state without canying pretreatment, for example, 
If a part Is Immersed in water (pure water). Also, it has 
characteristics that it is possible to flow through an inner 

45 part to reach a bottom part by dropping water. It is par- 
ticularly preferable that blood (whole bbod) Is the same 
as water. 

[0090] in addition, the "in a dry state" means no treat- 
ment such as coating of surfactants or previous wetting 

50 by priming etc. , and it Is possible to use without pretreat- 
ment for a living body. However, this expression is not 
the meaning of limiting a practical using method. Also, 
various limitations relating to pores 1 1 having a size larg- 
er than the mean pore diameter are because pores 11 

55 having a size larger than approximately the mean pore 
diameter substantially affect extremely the effects etc. 
[0091] By the way, the mean pore diameter described 
in the present Invention can be measured, for example, 
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by resin embedding (filling pore 1 with resin). And, the 
50% volume pore diameter I.e., a diameter of a pore 
when the value is exactly 50% of total pores by integrat- 
ing volumes in a large pore (or a small pore) is referred 
to as the mean pore diameter. Additionally, the state that 
pore 1 is filled with resin 3 is shown in Fig. 5 and Fig. 6. 
As a result of measurement, Fig. 5 shows that the mean 
pore diameter Is 1 .90 \i m, and Fig. 6 shows that the 
mean pore diameter Is 300 \i m. 
[0092] Also, in any plain cross section, when observ- 
Ing the state of pore 1 in plane aspect, pores 11 having 
a size larger than the mean pore diameter is preferably 
not less than 25% and not more than 60% of a flat area. 
That is, a sum of area of pores 11 shown in Fig. 3 Is not 
less than 25% and not more than 60% of a total area in 
Fig. 3. In up to 25%, since pore parts become smaller, 
cell infiltration becomes difficult, and in more than 60%, 
strength is liable to be weak. More preferably, it is not 
less than 35% and not more than 55%. Still more pref- 
erably, it is not less than 40% and not more than 50%. 
[0093] 1 n the blomember of the present invention, be- 
cause a cylinder part of the communicating pore 2 
fomried causing a pore 1 1 to overlap with a pore 1 1 hav- 
ing a size larger than the mean pore diameter, that is, 
the above-mentioned edge (open pore) is fomned sharp- 
ly and thin in about the thickness of one calcium phos- 
phate particle to eniarge surface area. It is believed that 
the thin fomied part (edge) is substituted promptly for a 
bone. 

[0094] Such characteristics of pores 1(11) can be ob- 
tained from foaming by stinging slunry raw material, and 
then, drying and sintering. Since the pore is not formed 
by baking and taking-out using globular partteles of pol- 
ystyrene etc., pressure for forming is not needed, there 
is no directional property that pores 1 (11) become plain, 
etc., and simultaneously, compared with that a contact 
point of polystyrene is opened, in the present Invention, 
the communbating pore 2 becomes remarkably targe, 
and simultaneously, a surface area can be enlarged. Ad- 
ditionally, it is preferable that in calcium phosphate par- 
ticles of slurry raw materials, a mean particle diameter 
Is of the submicron order (i.e., not less than 0.1 p. m and 
up to 1 ^ m), and it. is preferable that the maximum par- 
ticle diameter is also of the submicron order. 
[0095] In addition, for example, Japanese Patent 
Laid-open No. hei 10-167853 describes a porous body 
that a circumferential part of a communicating pore is 
formed sharply, but because it is made by baking and 
taking-out, the communicating pore is small not more 
than 10 ^ m, and it is difficult that a cell penetrates. 
[0096] The biomember of the present Invention can 
be processed into a desired shape, and at the same 
time, fixed in vivo, and thus, blood etc. infiltrate the inner 
part and oxygen or nutrients spread unifomily. If body 
fluid such as blood etc. circulate, cells begin to be at- 
tached to the inner wall surface of the member. The bi- 
omember of the present Invention has a large surface 
area, and has many chances that cells are attached. Al- 
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so, since pores 1 1 having a size larger than the mean 
pore diameter have open pore parts of not less than 25 
(1 m, blood etc. are easy to infiltrate Inwardly. By having 
the open pore parts to be not less than 40 \i m, blood 

5 etc. are easy to remarkably infiltrate inwardly. 

[0097] Since pores 1 are connected with each other, 
an inner part of the member begins to be substituted for 
the bone promptly. Since blood spread fast and unifomi- 
ly as a whole mainly through pores 1 1 having a size larg- 

10 erthan the mean pore diameter, blood etc. spread uni- 
formly in small pores 1 having a size less than the mean 
pore diameter as similar as large pores 11 . 
[0098] In the biomember of the present Invention, the 
maximum pore diameter Is preferably within three times 

IS of the mean pore diameter. Locally, too large pore are 
not preferable in strength and cell adhesion. Preferably, 
It is within two times thereof. The graph of Fig. 13 is a 
cumulative volume fraction of a sintered body pore hav- 
ing the mean pore diameter of 300 \i m. The graph of 

20 Fig. .14 is also a cumulative volume fraction of sintered 
body pore having the mean pore diameter of 190 m. 
In all, not less than 50% of the total pores are included 
within a range of ± 30% of the mean pore diameter. 
[0099] As such, in the present Invention, not less than 

25 50% of the total pores are preferably included within a 
range of ± 30% of the mean pore diameter. Also, the 
cumulative volume fraction of pore of not more than 20 
H m is preferably approximately 0, and further, even if a 
skeleton surface of a calcium phosphate porous body is 

30 observed microscopically, there hardly exist pores, and 
it Is preferable that there exists only uneyenness by 
rounding of calcium phosphate particles. 
[01 00] The biomember Is preferably comprised of hy- 
droxyapatite parttculariy excellent in strength. Its purity 

35 is preferably at least 98%, and in particular, 100% is 
good. Such a member can be obtained from, for exam- 
pie, Toshiba Ceramics Co., Ltd. 
[01 01 ] Further, as such, in the present invention, var- 
ious materials suitable for fomning bones are coated in 

40 the pore Inner surface by using the features that blood 
etc. are easy to infiltrate into inner part as a whole, that 
a communicating pore is large, and that a surface area 
is large. The coated materials are active materials such 
as cell adhesion promoting material, cell proliferation 

^ promoting material, osteogenesis prompting material, 
bone absorption inhibiting material, vascularization pro- 
moting material and so forth, or cells and cells in which 
a genetic recombination is performed. 
[01 02] They are in a liquid phase or cultured in a broth, 

50 and infiltrate everywhere by using the features of the bi- 
omember of the present invention. In general, they eas- 
ily spread unifomrily as a whole by immersion, but in 
case where cells are big or have a high viscosity by a 
cell culture, they can be sucked by applying a negative 

55 pressure on a side where the biomember is present. 
[01 03] In any case, by using a biomember having both 
excellent penetrating property and excellent adhesive 
property to the surface with regard to the whole, they 




)01155705 [http://www.qetthepatentxom/LQgin.dog/$mfink99/Fetch/Default.doq/EP001155705xpc^^^ 10 of 47 



17 



EP 1 155 705 A2 



can spread uniformly and consistently to a core part 
even in a thick member, while it was impossible In the 
conventional product. 

[0104] Hydroxyapatite has strong adsorptlvity, and In 
particular, protein or anchorage dependent cells are 
easily adsorbed on the surface of hydroxyapatite. In ad- 
dition, even in case where it is difficult to be adsorbed 
by simple contact, cell adhesive protein such as laminin 
etc. or heparin etc. is previously added to hydroxyapa- 
tite, and then, it is more preferable that an active material 
or a cell to be attached Is added. 
[0105] The active material may be cell adhesive pro- 
moting material. The cell adhesive promoting material 
Is used as a term including "a constitutional element of 
an extracellular matrix" and "adhesive molecules". The 
constitutional element of the extracellular matrix In- 
cludes (1 ) a basal membrane, (2) fibrillar protein of col- 
lagen, elastin, etc., (3) cell adhesive glycoprotein of fi- 
bronectin, laminin, vitronectin, etc., (4) complex carbo- 
hydrates of glycosamidglycan etc. including heparin, hy- 
aluronic add, chondroltin sulfuric acid, but it Is not lim- 
ited thereto. 

[0106] Further, the adhesive molecule is the same 
meaning as a cell adhesive molecule, adhesive factor, 
and adhesive protein, and includes E-selectin, P-selec- 
tin, ICAM-1 (= intercellular adhesion molecule-1), 
VCAM-1 , CD-1 8, CD-44, etc., but It is not limited thereto. 
[0107] Further, the active material may be cell prolif- 
eration promoting material. The cell proliferation pro- 
moting material means material exhibiting physiological 
activities such as growth, division, differentiation of cell 
and functional promotion, etc., and includes "a prolifer- 
ation factor" and "a mitogenic factor". The proliferation 
factor is the same meaning as a growth factor, and in- 
cludes TGF- p superfamily, HGF (=hepatocyte growth 
factor), etc., but it is not limited thereto. Further, mi- 
togenic factor is the same meaning as mitogen, and in- 
cludes lectins of concanavalin A etc., but It is riot limited 
thereto, 

[0108] Further, the active material may be osteogen- 
esis promoting material. The osteogenesis promoting 
material (it is called osteogenic factor) is BiVIP family, 
TGF-p superfamily, SAMP8 and so forth. Also, the ac- 
tive material may be bone absorption Inhibiting material. 
The bone absorption Inhibiting material is caldeclin etc. 
[0109] Or, the active material may be vascularization 
promoting material. The vascularization promoting ma- 
terial is VEGF (=vascular endothelial growth factor), 
PDGF (=platelet-derived growth factor), b-FGF (b-fi- 
broblastic growth factor), VEGF receptor (Flt-1 (VEG- 
FR-1), Flk-1 (VEGFR-2), Flt-4 (VEGFR-3)), angiopoltin 
family receptor, trehalose 6, 6'-dimycoiate (=TDM, 
T1E2/TEK, TIE1 ) and so forth. 
[01 10] And. the active material may be a combination 
comprising at least two of cell adhesive promoting ma- 
terial, cell proliferation promoting material, osteogene- 
sis promoting material, bone adsorption Inhibiting ma- 
terial and vascularization promoting material. The active 
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material is a liquid phase, and is fonned easily as a film 
phase on pore surface by immersing a biomember or 
bring it into contact. Then, it may be dried and can be 
preserved for a long time by refrigeration or cold pres- 
5 ervation. Of course, it may be used Instantly without 
preservation. 

[0111] Further, an osteogenic cell may be Introduced 
into the pore 1 (11). The osteogenic cell may be an os- 
teoblast, and may include a chondrocyte. Just as it is 

10 taken out from a living body, or the osteogenic cell is 
previously Introduced into the biomember described In 
claims 1 to 10 in vivo or In vitro, as it Is, or the osteogenic 
cell to be re-cultured is applied to a patient. Thereby, 
after the operation, recovery that should be made for 

15 several days.or weeks in vivo by the patient for himself/ 
herself will be beforehand perfomned In vitro. 
[0112] Or, an automyelocyte may be Introduced into 
the pore 1 (11). In particular, when using the automye- 
locyte, of course, there is neither rejection reaction nor 

20 concern of infection by diseases such as hepatitis etc. 
But, in case of the aged etc.. when a cell Itself of the 
patient has no vitality, excellent effects cannot be ex- 
pected. 

[01 1 3] Further, a homogeneous myelocyte may be In- 
25 troduced Into the pore 1 (11). When using the homoge- 
neous myelocyte to which another person's cell is intro- 
duced, the cell of the operated region can have vitality 
though the celt of the person himself/herself has no vi- 
tality. 

30 [0114] Further, a fetal myelocyte may be introduced 
into the pore 1 (11 ). Or, an undifferentiated stem cell may 
be inti-oduced into the pore. The undifferentiated stem 
cell Is, for example, ES cell (=Embryonic stem cell), EG 
cell (=Embryonic germ cell) and so forth. 

35 [0115] Further, If an osteogenic cell, automyelocyte, 
homogeneous myelocyte, fetal myelocyte or undifferen- 
tiated stem cell is introduced Into the member to which 
at least one or two of the foregoing active materials are 
attached, the actions of the cell can be more active. 

40 [01 1 6] Or, an osteogenic cell to which gene of active 
factor Is Introduced may be introduced into the pore 1 
(11). The active factor enables activation of growth, di- 
vision, differentiation of a cell and functional promotion, 
etc. such as TGF- p, BMP, HGF, EGF and so on, and a 

45 suitable one Is chosen if necessary. Since they are In- 
corporated into a cell in a genette level, the osteogenk: 
cell gets to act actively. 

[0117] Further, an automyelocyte to which a gene of 
an active factor is introduced may be introduced into the 

50 pore 1 (11). As mentioned In the above, in case of the 
automyelocyte, there Is neither rejection reaction nor 
concern of Infection, and even in the aged, his/her own 
cell gets to act actively by genetic recombination, 
[01 1 8] Further, a homogeneous myelocyte to which a 

55 gene of an active factor is introduced may be introduced 
Into the pore 1 (11). A fetal myelocyte to which a gene 
of an active factor is Introduced may be introduced Into 
the pore 1 (11). Or, an undifferentiated stem cell to whtoh 
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a gene of an active factor is introduced may be intro- 
duced into the pore 1 (11). 

[0119] Further, an automyelocyte to which a gene of 
an active factor is introduced, homogeneous myelocyte 

to which a gene of an active factor is introduced, fetal 5 
myelocyte to which a gene of an active factor Is intro- 
duced or undifferentiated stem cell to which a gene of 
an active factor is Introduced may be introduced Into the 
member to which at least one or two of the foregoing 
active materials are attached. The combinations thereof io 
exhibit the greatest effect In the present Invention. 
[0120] Further, by filling or coating drugs to pore the 
inner surface of the biomember of claims 1 to 10, for 
example, by means of immersion, impregnation, aspi- 
ration and so on , sustained release preparations can be is 
made. At this time, after completion of sustained re- 
lease, a calcium phosphates sintered body may be ta!<- 
en out in vitro, and if possible, may be regenerated as 
a bone. 

[0121] Examples will be illustrated with reference to 20 
the embodiments of Figs. 1 to 14 of the present Inven- 
tion. 

Example 1 : 

25 

[0122] Prisms (10 x 20 x 40 mm) for a biomember 

comprising a sintered body of 100% of apatite, having 
a porosity of 75% and a mean pore diameter having the 
same pore shape as Fig. 1 and Fig. 12 is 300 p. m and 
150 ^ m were prepared, respectively; and 1 cc of blood 
dropped thereto, and then. It was absorbed Immediately 
as if it droped on a sponge. 

Example 2: 

[0123] Four types of cylinders comprising biomem- 
bers with <t> 10x6 mm (diameter 10 mm, length 6 mm) 
made of hydroxyapatlte of the present Invention, having 
a porosity of 75% and a mean pore diameter of 150 p. 
m, 300 \i m and 600 \i m, respectively, and a similar hy- 
droxyapatlte biomember (comparative example) with ^ 
1 0x6 mm made by A Phannaceutical Company, having 
the porosity of 50% and the mean pore diameter of 1 00 
\L m were prepared; and about 200 I of a culture solu- 
tion (this is a liquid comprising amino acid or plasma 
containing many kinds of cytokines, and its viscosity is 
close to that of water) dropped to each of them, and 
then, all of three types of the biomembers of the present 
Invention absorbed the entire solution like a sponge. 
And. the biomember of A Phamiaceutlcal Company (of 
comparative example) did not absorb the culture solu- 
tion at all. 

Example 3: 

[0124] On the biomember ^ 10x6 mm made of hy- 
droxyapatlte of the present invention, having a mean 
pore diameter of 300 (i m, a cell suspension containing 



20 

osteoblasts dropped, and then, the biomember ab- 
sorbed it immediately like a sponge. Thereafter, under 
the conditions of 37*C and 5% CO2, it was cultured for 
2 days, and as the result of observing an Inner part of 
the cylinder, adhesion of numberless cells was ascer- 
tained on the inner part. Rg, 7 shows the state that cells 
4 are attached into the pore 1 (11). 

Example 4: 

[01 25] Three types of biomembers made of hydroxya- 
patlte of the present invention, having a porosity of 75% 
and a mean pore diameter of 150 |i m, 300 \l m, 600 \l 
m were prepared as cylinders of ^ 6x1 5 mm, respective- 
ly. 

[01 26] They were embedded In a thighbone of a rab- 
bit, and were taken out 1 week, 3 weeks, 6 weeks after 
operation; they were further fixed by fomialin, and de- 
calclficated, and then, stained by hematoxylin - eosln. 
With respect to the thus treated biomembers, tissue in- 
filtration Into hydroxyapatlte and a bone neogenesis 
state were observed by an optical microscope. 
[0127] The results are shown below as (1) - (3). 

(1 ) 1 week after operation, a granulation tissue was 
ascertained in all of the pore inner parts of three 

types of the biomembers having a mean pore diam- 
eter of 150 n m, 300 \i m, and 600 \i m, and blood 
vessels were also partially observed. A bone neo- 
genesis was a few detected in a surface layer of 
hydroxyapatite. 

(2) 3 weeks after operation, a bone neogenesis was 
shown up to an extremely deep core part (central 
part) of the cylinder of (() 6 mm as if it sticks along 
the surface of the pores, and as the result of meas- 
uring the surface area of the bone neogenesis part, 
with respect to the rhean pore diameters, 300 \l m 
was somewhat larger than 600 \l m, and 150 m 
larger than 300 ^ m. In this time, with respect to 
ones having a larger pore diameter, blood vessels 
could be more clearly ascertained. Further, there 
existed a number of myelocytes on the central part 
of such a pore. 

(3) 6 weeks after operation, in addition to the bone 
neogenesis of (2), myelocytes were observed in the 
pores having all of the pore diameters. It is believed 
that they had hematogenous functions and became 
close to the state of a bone marrow before filling up 
hydroxyapatlte. Also, In this step, as a result of 
measuring the strength of hydroxyapatlte, it was en- 
hanced to the extent of about two times than the 
case before filling it up. 

[01 28] Fig. 8A shows the state that a small blood ves- . 
sel 5 begins to be fomned In a pore 1 (11) (but, the state 
of a cell was omitted). Fig 8B shows the aspect that my- 
elocytes 9 are generated In a pore 1 (11) (however, the 
aspect of blood vessels is ommltted). 
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Comparative example 1 relative to Example 4: 

[0129] A member with a diameter of 6 mm and a 
length 15 mm, having the above-mentioned character- 
istics (A Pharmaceutleal Company's) was embedded in 
a thigh bone of a rabbit, and as the result of observing 
3 weel^s, 6 weel<s after operation, adhesion with a cowl 
bone was ascertained on the surface of apatite, but tis- 
sue infiltration into an Inner part was not shown at all. 
[0130] From the results of the above examples 1 to 4 
and comparative example 1 , the mean pore diameter of 
about 1 00 - 600 \im \s useful for cell fixation or bone 
regeneration, and above all, it is preferable that a pore 
has a comparative small mean pore diameter of not less 
than 1 00 ^ m and not more than 350 \i m. In particular, 
the mean pore diameter of not less than 120 m and 
not more than 220 p, m is superior. 

Example 5: 

[0131] Two kinds of cylinders (a), (b) with ^ 1 0x6 mm; 
a cylinder (a) "no growth factor'* and a cylinder (b) "add- 
ing 3 \L g/blocl< of VEGF vascular endothelial growth fac- 
tor", having a porosity of 75% and a pore diameter of 
300 \L m having the same pore configuration as Fig. 1 
were grafted to a latissimus dorsi muscle subfasda of a 
mouse. Three weeks after grafting, they were taken out, 
and then, a tissue in apatite was observed. The results 
are shown below as (4) and (5). 

(4) In the cylinder with no growth factor, cell infiltra- 
tion was merely about 1 mm In the surface layer of 
apatite. 

(5) in the cylinder adding VEGF, cell infiltration was 
observed up to an apatite core part (this means a 
cell infiltrated 3 mm - 4 mm and more In the surface 
layer). 

[0132] Fig. 9 shows the state that an active material 
6 was attached to a pore 1(11). The active material 6 is 
illustrated exaggeratedly to easily understand the at- 
tached state, but in practical, even if protein etc, are 
coated, the thickness Is sometimes hardly shown. In ad- 
dition, if it is collagen etc., any degree of thtekness can. 
be ascertained. 

[01 33] Fig, 1 0 shows the state that In the member of 
Fig. 9, a cell 4 was attached to the active material by an 
animal experiment. Fig. 11 shows the state that cell 4 is 
introduced into the member in Fig. 9, and many cells 4 
were Increased in a pore 1 (11) by culture. 
[0134] Further, the number etc. of cells in Figs. 7 to 
11 are indicated so as to understand relatively the re- 
spective characteristics, and the actual state is not ac- 
curately expressed. Substantially, the cell is visible 
slightly smaller, and the number thereof becomes also 
more numerous. 

[0135] Fig. 13 shows a pore distribution of the bi- 
omember in Fig. 1 , and Fig. 1 4 shows a pore distribution 
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of the biomember with a mean pore diameter of 190 
m, having the same pore as that of Fig. 1 . 
[0136] The graphs of Fig. 13and Fig. 14 represent the 
cumulative volurtie fractions of sintered body pores hav- 

5 ing a mean pore diameter of 300 \l m and 190 n m. In 
the present Invention, like the graphs, at least 50% of 
total pores volume Is preferably included within a range 
of ±30% of the mean pore diameter. Also, the cumula- 
tive volume fraction of pores of not more than 20 |i m is 

10 preferably approximately 0, and additionally, it is prefer- 
able that in obsen/ing microscopically a skeleton sur- 
face of a calcium phosphate porous body, there hardly 
exist pores, and there exists only unevenness caused 
by rounding of calcium phosphate particle. 

IS [0137] It Is preferable that pores are concentrated 
around the mean pore diameter such that a cumulative 
volume fraction Included in the range of a pore diameter 
having a cumulative volume fraction of 50% to a 30% 
larger pore diameter than the pore diameter, that is, in 

20 the range of a pore diameter of 300 \l m and 390 ^ m in 
the case of the mean pore diameter of 300 \l nri. is not 
less than 25%; and it is particulariy preferable if not less 
than 30%. That is because these pores are the most 
important ones to obtain the effects of the present in- 

25 vention. 

[0138] B/the way, in general, for example, when an 
old man of about 70 years suffers a fracture, depending 
on the fracture portion and fracture degree, it usually 
takes several weeks to one year to recovery. In partlc- 
30 ular, in fracture of a thighbone, it takes more time, and 
if a sick period becomes longer, a bedridden tendency 
is higher, 

[01 39] In this regard, If the biomember of the present 
invention is used, the period in which an injury is healed 
35 will be decreased by half, estimated by a cell culture 
state, and by using genetic recombination technology, 
It is more reduced, and further, a patleint who suffers In- 
convenience In a daily life due to deterioration of a bone 
density can be expect to recover. Further, it can be suf- 
40 ficientiy applied to treat osteoporosis. 

[01 40] In this manner, in the biomember of the present 
invention, because a substantially globular pore 1 (11) 
is fomned and the shape of the globular pore is main- 
tained in the area other than a communicating pore 2, 
45 the surface area per unit volume is remaricably large 
while the communicating pore 2 is secured, body fluid 
is penetrated into an inner part by a capillary phenom- 
enon, and the proportion of contact with blood is high, 
and therefore, much more cells 4 can be easily attached. 
so [0141] Further, since an active material 6 can be 
spread overthe whole, and is easily attached on the sur- 
face, it is easily prepared to attach various active mate- 
rials 6 or introduce cells, and f urthemiore, thereafter cul- 
ture is also easy, and. remari<able recovery after oper- 
as ation will be possible by applying it to the patient. 
[0142] The biomember of the present invention can 
be not only used when a bone is defected but also ap- 
plied to sustained-release preparations which are 
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caused to indwell in vivo to release drugs for a long pe- 
riod. Also, a compact biomember may be arranged 
properly in order to enhance the strength in a core part 
or a part of the outer surface of a biomember. Even so, 
because circulation of body fluids is possible only in a 
porous part of the surroundings, the effects of the 
present invention can be sufficiently expected. Further, 
the shape of the biomember of the present invention 
may be various, and of course, if necessary, may be 
granular. 

[0143] Since it is comprised of a porous calcium phos- 
phates sintered body, it has good compatibility with a 
living body, has no bio-hannfuiness. And, since the po- 
rosity is set to be an appropriate value, the strength re- 
quired for compensating the defected portion of a bone 
can be sufficiently secured. And, it can be properly proc- 
essed Into a necessary form, and furthermore, since a 
structure is homogeneous through an inner part, the 
member is of definite quality and of good reliability. 
[0144] The pores 11 communicate with each other 
through a communicating pore 2, and therefore, the sur- 
face area per unit volume can become larger, body fluid 
is penetrated into an Inner part by an excellent capillary 
phenomenon, the projaortion of contact with blood be- 
comes high, much more cells 4 can be attached, and 
integration with a living body is perfonned promptly. 
[0145] Also, in order to enhance the strength etc., 
even if a compact member is properly an-anged to the 
core part, circulation of body fluid is possible only in a 
porous part of the surroundings, and thus, extensive ap- 
plication can be made depending on symptonns. 
[0146] Also, the biomember can be not only applied 
in the case where a bone is defected, but also applied 
to sustained-release preparations which are caused to 
indwell in vivo to release drugs for a long period. In this 
case, if Integration with a living body is possible, re-op- 
eration for enucleation Is not needed. 
[0147] Because the mean pore diameter is set to be 
a more preferable value, a more excellent capillary phe- 
nomenon can be expected, and body fluid can be pen- 
etrated into an inner part more efficiently. 
[0148] Because the diameter of the communicating 
pore 2 is set to be a more preferable value, circulation 
of body fluid into the pore 1 (11) becomes more active. 
[0149] Because the ratio of the pore 11 having a size 
larger than the mean pore diameter occupied In a flat 
area is set to be a preferable value, infiltration of the cell 
4 into the pore 1 (11) becomes easy, and simultaneous- 
ly, the desired strength can be secured. 
[0150] Because the ratio of the pore 11 having a size 
larger than the mean pore diameter occupied in a flat 
area is set to be a more preferable value, infiltration of 
the ceil 4 into the pore 1 (1 1 ) becomes further easy, and 
simultaneously, the desired strength can be more prop- 
erty secured. 

[0151] Because water infiltrates into a core part by a 
capillary phenomenon, body flu id or cells can be impreg- 
nated to the core part. 



[0152] Because blood infiltrates into a core part by a 
capillary phenomenon, body fluid or blood can be im- 
pregnated to the core part. 

[01 53] Because the thickness of a circumferential part 
5 of the communicating pore 2 becomes about the thick- 
ness of one calcium phosphate particle, the edge (open 
pore) Is fonned thin and sharply, and thus, the surface 
area becomes larger, and the thin part is easily substi- 
tuted for a bone. 
10 [01 54] Because the pore 1 is fonned from foaming by 
stirring of a slurry, the pore becomes substantially glob- 
ular, and a diameter of a communicating pore becomes 
enlarged. Also, a circumferential part of the communi- 
cating pore 2 is fornied thin and sharply, and the surface 
15 area becomes larger, and therefore, the thin part is eas- 
ily substituted for a bone. 

[01 55] Because a calcium phosphates sintered body 
is comprised of hydroxyapatite 8, particulariy, protein or 
anchorage dependent cells are easily attached on the 
20 surface. 

[0156] Because an osteogerirc cell is introduced into 
the pore 1 , after operation, recovery that should be 
made by a patient himself/herself for several days or 
weeks In vivo will be beforehand perfomied In vitro, and 

25 therefore fast recovery can be expected. 

[0157] Because an automyelocyte is introduced into 
the pore 1, there is neither rejection reaction, nor con- 
cern of Infection by diseases of hepatitis etc. 
[0158] Because a homogeneous myelocyte is intro- 

30 duced into the pore 1 , cells in an operated region can 
have vitality even though the cells of the person himself^ 
herself have no vitality. 

[0159] Because a fetal myelocyte is introduced Into 
the pore 1 , actions of cells can be more active. 
35 [01 60] Because an undifferentiated stem cell is intro- 
duced into the pore 1 , actions of cells can be more ac- 
tive. 

[Ql 61 1 Because an osteogenic cell to which a gene of 
an active factor is introduced is introduced into the pore 

40 1 , activation of growth, division and differentiation of 
cells, functional promotion, etc. becomes possible, and 
they are incorporated into cells in a genetic level, and 
therefore, osteogenic cells act actively. 
[01 62] Because an automyelocyte to which a gene of 

45 an active factor Is Introduced Is introduced into the pore 
1 , there is no fear of rejection reaction and concern of 
infection, and, even in the aged, his/her own cells can 
be caused to act actively by genetic recombination. 
[0163] Because a homogeneous nnyelocyte to whk;h 

50 a gene of an active factor is Introduced is Introduced Into 
the pore 1 , cells in an operated region can have vitality 
even though the cells of the person himself/herself have 
no vitality. 

[01 64] Because a fetal myelocyte to which a gene of 
55 an active factor is introduced is introduced into the pore 
1 , actions of cells can be more active. 
[01 65] Because an undifferentiated stem cell to which 
a gene of an active factor is introduced Is introduced Into 
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the pore 1 , actions of cells can be more active. 
[01 66] Because the active material 6 is attached to the 
inner surface of the pore 1 , celts are easily attached. 
[01 67] Because the active material 6 is ceil adhesion 
promoting material, cells are easily adhered (adsorbed). 
[0168] Because the active material 6 is ceil prolifera- 
tion promoting material, cell proliferation is promoted. 
[01 69] Because the active material 6 is osteogenesis 
promoting material, fomnation of a bone is promoted. 
[0170] Because the active material 6 is bone absorp- 
tion inhibiting material, absorption of a bone is sup- 
pressed. 

[0171] Because the active material 6 is vasculariza- 
tion promoting material, vascularization is promoted. 
[0172] Because the active materials 6 are combina- 
tions comprising at least two of cell adhesion promoting 
material, cell proliferation promoting material, osteogen- 
esis promoting material, bone absorption Inhibiting ma- 
terial and vascularization promoting material, cell adhe- 
sion or cell proliferation becomes active, fomnation of a 
bone is promoted, or absorption of a bone is sup- 
pressed, and also, vascularization is promoted. 
[01 73] Because an osteogenic cell is introduced, after 
operation, recovery that should be made by a patient 
himself/herself for several days or weeks in vivo will be 
beforehand perfonned in vitro, and fast recovery can be 
expected. 

[0174] Because an automyelocyte is introduced, 
there is no fear of rejection reaction and concern of in* 
fection by diseases of hepatitis etc. 
[0175] Because a homogeneous myelocyte is intro- 
duced, cells in an operated region can have vitality even 
though the cells of the person himself/herself have no 
vitality. 

[0176] Because a fetal myelocyte is introduced into 
the pore 1 , actions of cells can be more active. 
[0177] Because an undifferentiated stem cell is intro- 
duced into the pore 1 , actions of cells can be more ac- 
tive. 

[01 78] Because an osteogenic cell to which a gene of 
an active factor Is introduced is introduced into the pore 
1, activation of growth, division and differentiation of 
ceils, functional promotion, etc. become possible, and 
they are incorporated into cells in a genetic level, and 
therefore, osteogenic cells act actively. 
[01 79] Because an automyelocyte to which a gene of 
an active factor is introduced is introduced into the pore 
1 , there is no fear of rejection reaction and concern of 
infection, even in the aged, his/her own cells can be 
caused to act actively by genetic recombination, 
[0180] Because a homogeneous myelocyte to which 
a gene of an active factor is introduced is introduced into 
the pore .1 , cells in an operated region can have vitality 
even though the cell of the person himself/herself have 
no vitality. 

[0181] Because a fetal myelocyte to which a gene of 
an active factor is introduced is introduced into the pore 
1 , actions of cells can be more active. 
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[01 82] Because an undifferentiated stem cell to which 
a gene of an active factor is introduced is introduced into 
the pore 1 , actions of cells can be more active. 
[0183] it can be used as sustained-release prepara- 
5 tions. 

Embodiment of Fig. 15 

[0184] In inserting a stem part of an artificial joint into 
10 a bone, an osteoepiphysis is removed, a hole for insert- 
ing the stem is fonned by a drill etc., and then the stem 
is Inserted to be fixed. The stem is generally made of 
titanium alloy etc., and is difficult to be compatible with 
a bone. For that reason, it takes time to be fixed to the 
15 bone, and meantime, since deviation is occurred when- 
ever load Is applied, a patient sometimes feels a pain. 
[0185] in the embodiments of the present invention, 
a calcium phosphates porous body having a specific 
pore shape is arranged on the outer surface of a portion 
20 where an artificial Joint is inserted to a bone lobe. There- 
by, it is easy to be compatible with the bone due to the 
specific pore shape, and accelerate fixation to mitigate 
pains at an early stage. 

[0186] When a porous body to fomi the outer surface 
25 of the biomember of the present invention is practically 
fomned in a block shape and inserted into a bone lobe, 
regeneration of a bone begins in the region of the porous 
body, and the aspect is taken white in Roentgen, and it 
can be identified only in 3 weeks while it takes about 
30 three months in the conventional porous body. 

P)187] Acompact member21 is processed into a de- 
sired shape to be fixed in vivo. A porous member 22 is 
infiltrated by blood etc., and oxygen or nutrients are 
spread suffbiently. If body fluid such as blood, circu- 
35 lates , ceils are easy to be attached to the inner wall sur- 
face of the member. 

[01 88] The biomember of the present invention has a 
large surface area, and thus, there are many chances 
that cells are attached. Also, since large pores having a 

40 size larger than the mean pore diameter have an open- 
ing portion of at least 25 \l m, blood etc. can easily infil- 
trate thereto. Because pores are connected with each 
other, any region of the inner part of the member begins 
to be quickly substituted for a bone. 

^5 [0189] Since blood is spread fast over the whole, 
centering around pores having a size larger than the 
mean pore diameter, blood etc. are also spread unifomi- 
ly as the same as the large pores even in small pores 
having a size smaller than the mean pore diameter. 

50 [01 90] In the porous member of the biomember of the 
present invention, the maximum pore diameter is pref- 
erably within three times of the mean pore diameter. Lo- 
cally too large pores are not preferable in strength and 
cell adhesion. Preferably, it is within two times thereof. 

55 [0191] The graphs of Fig. 13 and Fig. 14 accord with 
the embodiment of Fig. 1 5, too. 
[0192] The biomember of the present invention is 
preferably comprised of hydroxyapatite partteulariy ex- 
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cellent in strength among calcium phosphates sintered 
bodies. The purity Is preferably at least 98%, and in par- 
ticular, 100% is preferable. 

[0193] Further, as such, In the present invention, var- 
ious materials suitable to fonn bones can be coated In 
the pore Inner surface by using such features that blood . 
etc are easily Infiltrated as a whole and the surface area 
is large. 

[0194] As the coated materials, there are active ma- 
terials such as ceil adhesion promoting material, cell 
proliferation promoting material, osteogenesis promot- 
ing material, bone absorption Inhibiting material, vascu- 
larization promoting material .etc., cells and genetic re- 
combinant cells and so forth. 
[0195] They are in a liquid phase or cultured in a broth, 
and infiltrate everywhere by using the features of the bl- 
omember of the present invention, in general, they are 
easily panetrated over the whole by immersion, but 
when cells become big or have a high viscosity owing 
to cell culture, they can be sucked by applying a nega- 
tive pressure on the side where the biomember is 
present. In any case, by using the biomember of the 
present invention having both excellent, penetrating 
property over the whole and excellent adhesive property 
to the surface, they can be penetrated unifomnly and 
consistently to a core part even in a thick member, which 
was impossible in the conventional product. 
[0196] Examples will be Illustrated below with refer- 
ence to the embodiment of Fig. 1 5 of the present Inven- 
tion. 

Example 6: 

[01 97] A hydroxyapatlte film was formed on the outer 
surface of a titanium alloy rod having a diameter of 10 
mm, a length of 100 mm and a porosity of 0 by spray 
coating, and a granular porous apatite layer having a 
mean particle diameter of 1 mm. a porosity of 75%. and. 
a mean pore diameter of 1 50 n m was installed thereon 
by a thickness of 1 .5 mm, and then, bonded by heating. 

Example 7: 

[01 98] A granular porous apatite layer having a mean 
particle diameter of 2 mm, a porosity of 75%, and a 
mean pore diameter of 300 m was installed on the 
outer surface of a titanium alloy rod having a diameter 
of 1 0 mm, a length of 1 00 mm and a porosity of 0 through 
an adhesive by a thickness of 2.5 mm, and then, bond- 
ed. 



diameter of 1 50 ^ m was installed thereon by a thickness 
of 1 .5 mm through a slunry containing apatite, and then, 
bonded by heating. 

5 Example 9: 

[0200] A foamed slurry containing apatite was coated 
on the outer surface of an apatite rod having a diameter 
of 10 mm, a length of 100 mm and a porosity of 0, and 
10 sintered. Then a porous member 22 having a porosity 
of 75% and a mean pore diameter of 150 m was in- 
stalled by a thickness of 3 mm. 



Example 10: 



15 



Example 8: 

[01 99] An apatite film was formed on the outer surface 
of an alumina rod having a diameter of 1 0 mm, a length 
of 1 00 mm and a porosity of 1 0% by spray coating, and 
a granular porous apatite layer having a mean particle 
diameter of 1 mm, a porosity of 75%, and a mean pore 



[0201] Afoamed slurry containing apatite was coated 
on the outer surface of an alumina column having a size 
of 1 0 X 1 0 X 1 00 mm and a porosity of 5%, and a previ- 
ously sintered porous member 22 having a porosity of 
20 75% and a mean pore diameter of 1 50 ji m was bonded 
on one side of the column by a thfckness of 2 mm, and 
then, heated. 

[0202] In any one of the examples 6-1 0, porous gran- 
ules were fixed fimnly to the compact body. Also, pores 
25 of the porous body maintained a specific shape. When 
blood dropped on these porous members 22,it was pen- 
etrated extensively in the whole of the porous members 
22. 

[0203] In the biomember of the present invention, the 
30 respective pores 3 of the porous member 22 forming a 
part or the whole of the outer surface have a relatively 
equal size and they communicate with each other. Par- 
ticularty, in pores having a size larger than the mean 
pore diameter, because communicating pores are large. 
35 infiltration of blood or cells is easy, regeneration of a 
bone begins at an earty stage in the porous member 22 
comprised of calcium phosphate, and a bone can be 
compatible with the compact member 21 . 
[0204] Accordingly, while a communicating pore is se- 
40 cured, a surface area per unit volume Is remarkably 
large, body fluid is penetrated Into an Inner part by a 
capillary phenomenon, the proportion of contact with 
blood is high, and therefore, much more cells can be 
. easily attached. 
45 [0205] Further, active material etc. can be penetrated 
over the whole, and be easily attached to the surface, 
and therefore, it is easily prepared to attach various ac- 
tive materials or introduce cells, and furthermore, there- 
after, culture is easy and remaricable recovery after op- 
50 eration will be possible by using it to a patient. When 
such a porous member 22 is arranged on the outer sur- 
face of the compact member 21 , compatibleness with a 
bone is fast and integrated at an earty stage. 
[0206] The compact member 21 is not readily com- 
55 patible only in itself because of a gap or deviation even 
though it is buried into a bone, but because the porous 
member 22 having a specific pore shape is installed 
thereon, compatibleness with a bone is remarkably ac- 
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celerated. Further, the strength is maintained by the 
compact member 21 (compared with the biomenriber 
comprised wholly of porous substances). 
[0207] That is, blood or cells are easily Impregnated 
into pores. Also, regeneration of a bone can be promot- 
ed. Further, the member has no directional property and 
Is easy to maintain the strength. Further, It Is possible 
to enlarge the area where cells are attached. 
[0208] Further, because a part or the whole of the out- 
er surface of the compact member 21 is comprised of 
the porous member 22, it Is possible to enlarge the sur- 
face area of pores while maintaining the strength and to 
promptly regenerate a bone. Also, body fluid is Impreg- 
nated everywhere. Also, in addition to body fluid, cells 
also infiltrate easily into pores. Also, a penetrating 
amount of oxygen, nutrients, cells, etc. are preferably 
markedly increased. Further, circulation of body fluid be- 
comes better in the whole biomember, and cells are 
easy to Infiltrate into a core part of the biomember. 
[0209] . Further, circulation of body fluid into a pore be- 
comes active. Also, pressure fomning is not needed, 
there Is no directional property that pores become flat, 
and simultaneously, compared with a member in which 
a contact point of urethane is opened, a communicating 
pore becomes remarkably large, and simultaneously, a 
surface area can be enlarged. 
[0210] In a dry state, It is possible to wet the whole by 
dropping water and blood. Also, even in a dry state with- 
out pretreatment, for example, once a part is immersed 
into water, water can be soaked by a capillary phenom- 
enon. Also, It has characteristics such that it Is possible 
to flow through an Inner part to reach a bottom part by 
dropping water. Also, it is possible to be used for a living 
body without pretreatment. 

[0211] Because a calcium phosphates sintered body 
Is different from metal or other kinds of ceramics in ther- 
mal expansion coefficient etc., fusion orbonding is often 
difficult, but the fusion or bonding can be easily per- 
fonned by installing an intermediate layer. 
[0212] Further, the fusion or bonding of various mate- 
rials can be easily performed by the intennediate layer. 
The integration of a bone with the biomember can be 
made earlier. 

Embodiments of Figs. 16-23 

[0213] Fig. 16 shows a biomember used for the por- 
tion which should be excised due to disease or injury. 
[0214] For example, the portion which should be ex- 
cised due to disease or Injury is removed previously by 
operation, and depending on the conditions of the de- 
fected portion, a biomemeber having an appropriate 
size and shape is prepared. At this time, the shape and 
size of the biomember are selected so that the outer sur- 
face of a bone becomes a compact part 31, and are 
processed, if necessary. In insertion, a porous part 32 
is placed on an inner part of a bone, and the compact 
part 31 is placed In such a way as to f onfn the same side 



as the outer surface of the bone. 
[021 5] At that time, a splint is held to the compact part 
31 to reduce stroke, and is put little by little white tapping 
by a plastic hammer etc. The surface of the porous part 

5 32 may be slightly broken by contact with a bone, but 
because broken powder functions to fill up the rest of a 
space, and on the contrary, It is more preferable than 
the remaining of the rest of a space between the bone 
and the biomember. The compact part 31 resists strlke- 

10 installation, and thus, it is diffteult that the strike side is 
cojshed. Also, it is good for the member to always main- 
tain the shape as a whole and f omn the outer surface of 
the bone. The compact part 31 may be cracked by 
stroke, however, since there is no case that It is crushed 

15 to pieces, it does not affect the recovery after operation. 
[0216] It is preferable that the compact part 31 Is a 
compact body of apatitiB. 

[0217] According to the degree of load in burying or 
using a biomember. if necessary, metal of titanium etc. 

20 or ceramics of alumina etc. may be used, or metal of 
titanium etc. or ceramics of alumina etc. whtoh are coat- 
ed with apatite may be used for the compact part 31 in 
replace of the compact body of apatite. 
[0218] The porous part 32 of the biomember is formed 

25 by foaming a sluny, fixing bubbles and sintering. At this 
time, it is preferable that calcium phosphate particles of 
slurry raw material have a mean parttele diameter of a 
submlcron order (i.e., not less than 0.1 \i m aind up to 1 
\i m) and the maximum diameter is also preferably of a 

30 submicron order, 

[0219] Further, it may be prepared by using two kinds 
of slurrys different In foaming amount. Also, it may be 
possible that the compact part 31 Is previously fomied 
by a common method for fomning fine ceramics and a 

35 foamed slurry flows thereon to be fixed. Also, the com- 
pact part 31 and porous part 32 fomried separately may 
be bonded before or after sintering and fixed. In this 
case, an Intennediate layer having intenmediate proper- 
ty may be disposed between the compact part 31 and 

40 the porous part 32. 

[0220] A pore is fomied in substantially globular 
shape, but in case where communicating pores are 
formed in the interface by connecting with adjacent 
pores, a flat configuration becomes the similar configu- 

^ ration to an outline when two circles are caused to over- 
lap partially with each other. Using such a shape is in- 
tended to enlarge a surface area. A communicating pore 
which is the boundary of pores of the biomember of the 
present invention is remarkably large compared with 

so those by baking and taking-out of beads, and simulta- 
neously, even after sintering, an edge remains sharply 
on a circumference of the communicating pore. 
(0221 ] The edge may be removed slightly by etching 
etc. so as to easily flow body fluid such as blood etc. 

55 [0222] The pore diameter of the present invention can 
be measured, for example, by resin embedding. And, 
the 50% volume pore diameter (I.e., a diameter of a pore 
when the value Is exactly 50% of the total pores by in- 
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tegrating volumes in a large pore or a small pore) is re- 
ferred to as the mean pore diameter. 
[0223] In the member of the present invention, since 
pores are connected with each other through a large 
communicating pore, an inner part of the member be- 
gins to be substituted promptly for a bone. Since blood 
is penetrated fast over the whole, centering around 
pores having a size larger than the mean pore diameter, 
blood etc. are penetrated similarly to large pores In small 
pores having a size smaller than the mean pore diame- 
ter. 

[0224] In the porous part 32 of the biomember of the 
present invention, the maximum pore diameter is pref- 
erably within three times of the mean pore diameter. A 
locally too large pore is not preferable in strength and 
cell adhesion. Preferably, it is within two times thereof. 
[0225] The graphs of Fig. 13 and Fig. 1 4 also accord 
with the embodiments of Figs. 1 6 - 23. As the graphs, 
in the porous part 32, it is preferable that not less than 
50% of total pores are included within a range of ± 30% 
of the mean pore diameter. Also, a cumulative volume 
fraction of a pore of not more than 20 jx m is preferably 
approximately 0, and further, even if a skeleton surface 
of the porous part 32 (calcium phosphate porous body) 
Is observed microscopically, there hardly exist pores, 
and it is preferable that there exists only unevenness 
due to rounding of calcium phosphate particles. 
[0226] Further, as such, according to the present in- 
vention, various materiais etc. suitable for fomiing 
bones can be coated in the pore inner surface by using 
such features that the surface area is large so that blood 
etc. are easy to Infiltrate Into an inner part as a whole. 
[0227] The coated materials are at least one of the 
active materials such as cell adhesion promoting mate- 
rial, cell proliferation promoting material, osteogenesis 
promoting material, bone absorption inhibiting material, 
vascularization promoting material and so forth, cells 
and genetic recombinant cells. 
[0228] They are in a liquid phase or cultured in a broth, 
and infiltrate everywhere by using the features of the bi- 
omember of the present invention. In general, they are 
easily penetrated over the whole by immersion, but 
when cells become big or have a high viscosity owing 
to cell culture, they can be sucked by applying a nega- 
tive pressure on a side where the biomember is present. 
In any case, by using the biomember of the present in- 
vention having both excellent penetrating property over 
the whole and excellent adhesive property to the sur- 
face, they can be penetrated unifohnty and consistently 
to a core part even In a thick member which was Impos- 
sible in the conventional product. 
[0229] Fig. 1 7 shows the other embodiment. A porous 
part 32 is a cylindrical body, and a compact part 31 be- 
comes a cylinder held and installed in an inner part of 
the porous part 32. In this case, because the compact 
part 31 is fomned In the inner part, in case where heavy 
toad is applied, it is suitable to support load applied from 
the exterior. That is, while the outer surface of the porous 
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part 32 in the outer surface is substituted for and regen- 
erated to a bone and strength is occurred, it can protect 
the porous part 32 and maintain the strength of the bi- 
omember. 

5 [0230] Since the compact part 31 is fomned in the in- 
ner part of the porous part 32, the compact part 31 plays 
a role in supporting load and protecting the porous part 
32. In this case, it is preferable that the compact part 31 
is a compact body of apatite. 

10 [0231] Fig. 1 8 also shows still other embodiment. The 
whole shape is a circular cone, the bottom surface is a 
compact part 31 , and an apex side is a porous part 32. 
The shape is often used in actual operation. And, the 
biomember can be istruck and installed by tapping the 

15 compact part 31 . 

[0232] Fig. 19 also shows still other embodiment. A 
compact part 31 is a cyiindrk^al body, and a porous part 
32 becomes a cylinder installed in an inner part of the 
cylindrical body in a receivable shape. For example, a 

20 porous cylinder is inserted into a compact cylindrical 
body by tapping, and integrated. In this case, for In- 
stance, an intermediate part of a bone of rhabdome such 
as a femur, humerus, etc. is preferably comprised of only 
the biomember of the present invention. 

25 [0233] Fig. 20 also shows still other embodiment. The 
whole shape is cuboid, and only one side of outer sur- 
faces becomes a compact part 31. For example, it Is 
preferably suitable to bury the biomember of the present 
invention into a part of a large bone. 

30 [0234] Fig. 21 also shows still other embodiment. A 
compact part 31 is fomned in a part of the outer surface 
and an Inner part. Specifically, the whole shape is a cir- 
cular cone, and the bottom surface Is the compact part 
31 . And, in a direction toward the inner part from a stroke 

35 part (the bottom), the compact part 31 Is vertically in- 
stalled. 

[0235] By the above-mentioned constitutions, for ex- 
ample, when it is buried into a bone, the compact part 

31 can be inserted by tapping. Also, while the porous 
40 part 32 of outer surface Is substituted for a bone, the 

strength of the biomember can be maintained. Also, to- 
ward the inner part from the stroke part, the compact 
part 31 is vertically Installed, and thus, stroke power is 
efficiently transmitted to the inner part. 

45 [0236] Fig. 22 also shows still other embodiment. The 
whole shape is columnar, and a compact part 31 is In- 
stalled in an outercurved side and innercurved side of a 
porous part 32 having a substantially cylindrical shape. 
And, the compact part 31 in the outercurved and Inner- 

so curved sides of the porous part 32 having a substantially 
cylindrical shape is connected to a branched part 35 in- 
stalled in a radial direction at predetennined height. 
[0237] By the construction of Fig. 22, for example, 
when it is buried into a bone, of the compact part 31 , the 

5S compact part 31 in the Innercun^ed side of the porous 
part 32 having a substantially cylindrical shape is pref- 
erably inserted by tapping. Also, while the porous part 

32 Is substituted for a bone, the strength of the biomem- 
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ber is preferably maintained. 
[0238] Fig. 23 also shows still other embodiment. The 
whole shape is substantially conical, and an ampulla 34 
of a porous substance Is installed in the vicinity of an 
apex of the conical body. When it is inserted to bone, a 
part of the ampulla 34 is trimmed. Thereby, the rest of 
space can be filled. 

[0239] Examples will be illustrated with reference to 
the embodiments of Figs. 16 - 23 of the present inven- 
tion. 

Example 11: 

[0240] A biomember was prepared to be a cone com- 
prised of apatite 100% and having approximately a di- 
ameter of 20 mm and a height of 26 mm from the bottom 
surface and a porous part (porous part 32) having a po- 
rosity of 75% and a pore shape like Fig. 1 and a mean 
pore diameter of 300 \i m, and compact part (compact 
part 31 ) having a porosity of 1 0%. The compact part was 
used for the bottom only by a thickness of 3 mm, and 
the other part was the porous part. 
[0241] This was inserted while lightly tapping the com- 
pact body by a plastic hammer into a hole of a diameter 
of 20 mm and a height of 25 mm of the bottom surface 
correctly fomned in metal. The compact part could be 
completely inserted without smash. As a result of offtake 
after insertion, in the lateral side of the cone, a part of 
the porous substance part was crushed to powders, and 
the lateral side of the cone was suitable for the hole of 
the metal mold. 0.5 ml of blood dropped on the taken- 
out conical body, and it was entirely absorbed immedi- 
ately in the porous part as if it drops on a sponge. 

Comparative example 2 relative to example 11 : 

[0242] Similarly to example 1 1 , a cone (a diameter of 
the bottom surface Is approximately 20 mm) without a 
compact part and comprised of only a porous part was 
inserted to a metal mold by tapping, and therefore, it 
was the same that a slant part was cmshed partially to 
powders, but a part of stroke part was also crushed to 
powders. 0.5 ml of blood dropped on the taken-out con- 
ical body, it was entirely absorbed Immediately in the 
porous part as if It drops on sponge. 

Example 12: 

[0243] A cylindrical body of compact apatite having a 
diameter of 25 mm, an inner diameter of 20 mm and a 
height of 37.5 mm was prepared, and an apatite slurry 
was filled therein for fomiing a porous part, dried and 
sintered. A completed sintered body was a cylindrical 
body having a porosity of 75% of porous part, a diameter 
of 20 mm and a height of 20 mm. The sintered body 
endured up to 200 MPa against compression from the 
upper and lower sides. 



Example 13: 

[0244] Acylindrical body of acompact apatite sintered 
body having a diameter of 20 mm, an inner diameter of 

5 14 mm and a height of 20 mm was prepared, and a cy- 
lindrical body comprising a porous sintered body made 
of an apatite sluny and having a diameter of 14,1 mm 
and a height of 20 mm was inserted therein. The sin- 
tered body endured up to 280 MPa against compression 

10 from the upper and lower sides. 

Comparative example 3 relative to examples 1 2 and 13: 

[0245] A cylindrical body of a porous apatite sintered 
IS body having a diameter of 20 mm, a height of 30 mm 
and 8 porosity of 75% was prepared. The sintered body 
endured up to 17 MPa against compression from the 
upper and lower sides. 

[0246] As such, in the biomember of the present in- 
20 vention, substantially globular pores are formed in the 
porous part 32, meanwhile, a riumber of large commu- 
nicating pores are secured, and therefore, a surface ar- 
ea per unit volume is remarkably large, body fluid Is pen- 
etrated Into an inner part by a capillary phenomenon, 
25 the proportion of contact with blood is high, and thus, 
much more cells can be easily attached. 
[024^ Further, because active materials can be pen- 
etrated over the whole and be easily attached on the 
surface, it is easy to prepare to attach various active ma- 
30 terials and Introduce cells, and thereafter, culture be- 
comes easy, and recovery after operation becomes pos- 
sible by using it to a patient. 

[0248] The biomember of the present invention can . 
be used when a bone is defected, and further, be applied 

35 to sustained-release preparations which release drugs 
for a long period by putting it In vivo. Also, though the 
compact biomember may be an-anged properly In order 
to enhance the strength on core part of the biomember, 
circulation of body fluid is possible only in the porous 

40 part 32. 

[0249] In the porous part 32, blood or cells are easily 
Impregnated into a pore. Also, regeneration of a bone 
can be promoted. Further, since it has the compact part 
31 , it is easy to maintain the strength. Also, the surface 
45 area to which cells are attached can be enlarged. And, 
since it has both the porous part 32 and the compact 
part 3 1 , it is possible to enlarge the surface area of pores 
while maintaining the strength arid to regenerate the 
bone promptly. 

50 [0250] In the porous part, body fluid is impregnated 
everywhere. Also, in addition to the body fluid, cells also 
infiltrate easily into pores. Also, the penetrating amounts 
of oxygen, nutrients, cells etc. are preferably quite in- 
creased. Further, circulation of body fluid becomes bet- 

55 ter in the whole biomember, and thus, cells easily infil- 
trate into a core part of the biomember. 
p)251 ] Further, in a dry state, the porous part can wet 
the whole by dropping water and blood. Also, even in a 



ift 
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dry state without pretreatrtient, for example, once a part 
is immersed into water, it can soak water by a capillary 
phenomenon. Further, it is possible to flow through an 
Inner part to reach a bottom part by dropping water. Also, 
it can be used for a living body without pretreatment. 5 
Meanwhile, since the compact part is suppressed to 
have a lower porosity, the strength Is enhanced. Also, It 
can sufficiently take the porous part 32 substituted for a 
bone. For example, bending strength becomes about 
80-150 MPa, and therefore, heavy load is applied. io 2. 
Thereby, it can endure stroke and Its handling becomes 
much easier in operation etc. Also, it becomes the 
strength enough to sustain load applied by a bone of a 
patient. 

[0252] If it is prepared by a method of foaming a slunry. is 
maintaining a pore shape characteiized In that substan- 
tially globular communicating pores are numerous and 
large, it is easy to control a pore diameter. 
[0253] Among calcium phosphates sintered bodies, 
because hydroxyapatlte exhibits particularly excellent 20 
strength, heavy load may be applied. Likewise, it can 
endure stroke, and its handling becomes even easier in 
operation etc. Also, it becomes strength enough to sus- 
tain the load applied by a bone of a patient. 
[0254] When it is used as sustained release prepara- 25 
tlons, by adjusting surface proportion of the compact 
part 31, a sustained-releasing amount of drugs can be 
controlled, and drugs have directional property in elu- 
tion. 

30 

Descriptions of Figs. 24-26 which are common to all of 

the above-mentioned embodiments 3. 

[0255] Fig. 24 is a photomicrograph enlarging a cross 

section of the biomember in Fig. 1 . 35 

[0256] Fig. 25 is a photomicrograph further enlarging 

a cross section of the biomember in Fig. 24. 

[0257] Rg. 26 is a photomicrograph further enlarging 

a cross section of the biomember in Fig. 25. 

[0258] The present invention is not limited to the 

above-mentioned embodiments. 4. 



Claims 
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1 . A biomember which is a porous body of a calcium 
phosphates sintered body comprising a number of 
substantially globular pores (1 ) and a skeletal part, ■ 5. 
wherein the skeletal part is compactly sintered, a 
porosity of the porous body Is not less than 55% and so 
not more than 85%, and simultaneously, a mean 
pore diameter is not less than 50 \im and not more 
than 800 \im, a pore (11) having a size larger than 
the mean pore diameter has at least three commu- 
nicating pores (2) having a diameter of not less than ss 6. 
5 nm, on the average, and simultaneously, a pore 
(11) having at least the three communicating pores 
(2) has at least one communicating pore (2) having 



a diameter of not less than 25 jim, on the average, 
and simultaneously, a total opening area of the com- 
municating pore (2) which is possessed by the pore 
(1 1 ) having a size larger than said mean pore diam- 
eter occupies the ratio of not more than 50% of a 
pore surface area on the average, and in a dry state, 
it is possible to wet the whole by dropping water and 
blood. 

A biomember which is a porous body of a calcium 
phosphates sintered body comprising a number of 
substantially globular pores (1) and a skeletal part, 
wherein the skeletal part Is compactly sintered, a 
porosity of the porous body is not less than 65% and 
not more than 85%, and simultaneously, a mean 
pore diameter is not less than 1 00 p.m and not more 
than 600 pjn, a pore (11) having a size larger than 
the mean pore diameter has at least four commu- 
nicating pores (2) having a diameter of hot less than 
5 ^m, on the average, and simultaneously, a pore 
(11) having at least the four communicating pores 
(2) has at least one communicating pore (2) having 
a diameter of not less than 50 p.m, on the average, 
and simultaneously, atotai opening area of the com- 
municating pore (2) whk:h is possessed by the pore 
(1 1 ) having a size larger than said mean pore diam- 
eter occupies the ratio of not more than 40% of a 
pore surface area on the average, and In a dry state, 
it is possible to wet the whole by dropping water and 
blood. 

A biomember according to claim 2, wherein the pore 
(1 1 ) having a size larger than the mean pore diam- 
eter has at least six communicating pores (2) having 
a diameter of not less than 1 0 ^m, on the average, 
and simultaneously, a pore (11) having at least the 
six communicating pores (2) has at least two com- 
municating pores (2) having a diameter of not less 
than 50 }im, on the average. 

A biomember according to any one of claims 1 to 3, 
wherein a sum of a flat area of a pore (11 ) shown In 
any plain cross section and having a size largerthan 
the mean pore diameter is not less than 25% and 
not more than 60% of the flat area of the total cross 
section. 

A biomember according to any one of claims 1 to 3, 
wherein a sum of a flat area of a pore (11 ) shown In 
any plain cross section and having a size largerthan 
the mean pore diameter is not less than 35% and 
not more than 55% of the flat area of the total cross 
section. 

A biomember according to any one of claims 1 to 5 , 
wherein when a sintered body whteh is processed, 
washed and dried is brought into contact with water 
or blood without pretreatment, water or blood Infil- 
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trates Into a core part by a capillary phenomenon. 

7. A biomember according to any one of cialnis 1 to 6, 
winerein micro particles of subnnicron order are used 
as raw material, and a skeletal part of a sintered 
body carries grain growth to have a compact skel- 
eton of about 5 mteron. 

8. A biomember according to any one of claims 1 to 7, 
wherein a thickness of a circumference part of a 
communicating pore (2) fomried by causing a pore 
(11) to overlap with a pore (1 1 ) having a size larger 
than the mean pore diameter is set to be of about 
the thickness of a particle of cabium phosphate. 

9. A biomember according to any one of clainns 1 to 8, 
wherein a pore (1 ) is fonmed from foaming by stimng 
a slurry. 

10. A biomember according to any one of claims 1 to 9, 
wherein cak;ium phosphates sintered body is hy- 
droxyapatite (8). 

11. A biomember according to any one of claims 1 to 
10, wherein an osteogenic cell, automyelocyte, ho- 
mogeneous myelocyte, fetal myelocyte, undifferen- 
tiated stem cell, osteogenic cell to which a gene of 
an active factor is introduced, automyelocyte to 
which a gene of an active factor Is introduced, ho- 
mogeneous myelocyte to which a gene of an active 
factor is introduced, fetal myelocyte to which a gene 
of an active factor is introduced, or undifferentiated 
stem cell to which a gene of an active factor is In- 
troduced is Introduced into a pore (1). 

12. A biometer according to any of claims 1 to 10, 
wherein ah active material (6) is attached on an in- 
ner surface of a pore (1 ) . 

13. A biomember according to claim 12, wherein an ac- 
tive material (6) is one chosen from a cell adhesion 
promoting material, cell proliferation promoting ma- 
teriai, osteogenesis promoting material, bone ab- 
sorption inhibiting material and vascularization pro- 
moting material, or combinations of at least two of 
cell adhesion promoting material, cell proliferation 
promoting material, osteogenesis promoting mate- 
rial, bone absorption inhibiting material and vascu-. 
larization promoting material. 

14. A biomember according to claim 12 or 13, wherein 
an osteogenic cell, automyelocyte, homogeneous 
myelocyte, fetal myelocyte, undifferentiated stem 
cell, osteogenic cell to whk:h a gene of an active 
factor is introduced, automyelocyte to whk:h a gene 
of an active factor is introduced, homogeneous my- 
elocyte to which a gene of an active factor Is intro- 
duced, fetal myelocyte to which a gene of an active 



factor is introduced, or undifferentiated stem cell to 
which a gene of an active factor is introduced, is 
introduced into a pore (1). 

5 15. A biomember according to any one of claims 1 to 
10, wherein drugs are stored in a pore (1), and the 
whole is used as sustained release preparations. 

1 6. A biomember of which a part or the whole of an out- 
10 er surface of a compact member (21 ) Is made of a 

porous member (22) consisted of a calcium phos- 
phates sintered body, wherein the corhpact member 

(21 ) has a porosity of not less than 0% and not more 
than 15%, the porous member (22) has a porosity 

IS of not less than 55% and not more than 85%, and 
simultaneously, a pore (3) of the porous member 

(22) is comprised of assembling substantially glob- 
ular pores (3), a mean pore diameter Is not less than 
50 \vm and not more than 400 pm, the pore (3) hav- 

20 ing a size larger than the mean pore diameter has 
at least three communicating pores (2) having a di- 
ameter of not less than 5 ^un, on the average, and 
simultaneously, a pore (3) having at least the three 
communicating pores (2) has at least one commu- 

2s nicating pore (2) having a diameter of not less than 
25 ^m, on the average, and simultaneously, the 
pore (3) having a size larger than the mean pore 
diameter Is opened as the communicating pore (2) 
in the ratio of not more than 50% of the pore surface 

30 area on the average, and the porous member (22) 
can wet the whole by dropping water and blood in 
a dry state. 

1 7. A biomember according to claim 1 6 , wherein a com- 
35 pact member (2 1 ) is metal or ceramtos. 

1 8. A biomember according to claim 1 6 or 1 7, wherein 
an intemiedtate layer is fonned between a compact 
member (21) and a porous member (22). 
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19. A biomember according to claim 18, wherein an in- 
tennediate layer is comprised of at least one of 
glass for a living body, cateium phosphate, calcium 
titanate. 

20. A biomember according to claim 1 9, wherein a po- 
rous member (22) is comprised of hydroxyapatite 
(8), and an intermediate layer is hydroxyapatite 
fomned by spray coating. 

21. A biomember according to any one of claims 16 to 
20, wherein a biomember is an artificial joint, and a 
porous member (22) is a stem part thereof. 



S5 22. A biomember according to any one of claims 1 6 to 
21, wherein an active material (6) is attached to a 
pore inner suriace of a porous member (22). 
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23. A blomember according to any one of claims 16 to 
21, wherein an osteogenic cell, autonmyelocyte, ho- 
mogeneous myelocyte, fetal myelocyte or undiffer- 
entiated stem cell is introduced into a pore (3) of a 
porous member (22). 

24. A blomember according to any one of claims 1 6 to 
21, wherein an osteogenic cell to which a gene of 
an active factor is introduced, automyelocyte to 
which a gene of an active factor is introduced, ho- 
mogeneous myelocyte to which a gene of an active 
factor Is introduced, fetal myelocyteto which a gene 
of an active factor is introduced, or undifferentiated 
stem cell to which a gene of an active factor is in- 
troduced, is introduced into a pore (3) of a porous 
member (22). 

25. A biomember which has at least compact part (31) 
and a porous part (32) comprised of a calcium phos- 
phates sintered body, wherein the compact part (31 ) 
has a porosity of not less than 0% and not more 
than 50%. the porous part (32) has a porosity of not 
less than 55% and not more than 85%, and simul- 
taneously, a pore (3) of the porous part (32) is com- 
prised of assembling substantially globular pores 
(3), a mean pore diameter is not less than 50 p.m 
and not more than 800 jim, the pore (3) having a 
size larger than the mean pore diameter has at least 
three communicating pores (2) having a diameter 
of not less than 5 ^m, on the average, and simulta- 
neously, a pore (3) having the three communicating 
pores (2) has at least one communicating pore (2) 
having a diameter of not less than 25 p.m, on the 
average, and simultaneously, the pore (3) having a 
size larger than the mean pore diameter Is opened 
as the communicating pore (2) In the ratio of not 
more than 50% of a pore surface area on the aver- 
age, and at least the porous part (32) can wet the 
whole by dropping water and blood in a dry state. 

26. A biomember according to clalni 25, wherein acom- 
pact part (31 ) has a porosity of not less than 0% and 
not more than 20%. 

27. A biomember according to claim 25 or 26, wherein 
at least a pore (3) of a porous part (32) Is formed 
from foaming by stirring a slurry. 

28. A biomember according to any one of claims 25 to 

27, wherein a calcium phosphates sintered body Is 
hydroxyapatite (8). 

29. A biomember according to any one of claims 25 to 

28, wherein an active material (6) is attached an the 
inner surface of a pore (1 , 11). 

30. A blomember according to any one of claims 25 to 
28, wherein at least one of an osteogenic cell, au- 



tomyelocyte, homogeneous myelocyte, fetal mye- 
locyte and undifferentiated stem cell Is Introduced 
Into a pore (3). 

5 31 . A biomember according to any one of claims 25 to 
28, wherein at least one of an osteogenic cell to 
which a gene of an active factor Is Introduced, au- 
tomyelocyte to which a gene of an active factor Is 
introduced, homogeneous myelocyte to which a 
w gene of an active factor is introduced, fetal myelo- 
cyte to which a gene of an active factor is introduced 
and undifferentiated stem cell to which a gene of an 
actwe factor is introduced, is introduced Into a pore 
(3). 

15 

32. A biomember according to any one of claims 25 to 
28, wherein drugs are stored in a pore (3). 

33. A biomember according to any one of claims 1 to 
20 32, wherein a sintered porous body is a perfectly 

sintered body that adjacent particles are contacted 
compactly and grain growth is completed. 

34. A blomember according to any one of claims 1 to 
25 33, wherein a sintered porous body Is that uneven- 

ness is substantially less between particles after 
sintering, the surface is smooth and the adjacent 
particles are contacted compactly. 

30 35. A biomember according to any one of claims 1 to 
34. wherein a pore wall has a dense microstructure. 

36. A method of preparing a blomember claimed in any 
one of claims 1 to 35, wherein a biomember is ob- 

35 tained by stirring and foaming, then, drying and sin- 
tering slurry raw material. 

37. A method according to claim 36, wherein a calcium 
phosphate particle of slurry raw material has a par- 

40 tide diameter such that a mean particle diameter is 
of submlcron order (i.e., not less than 0.1 p,m and 
not more than 1 urn): 

38. A method according to claim 37, wherein a maxl- 
45 mum particle diameter of a calcium phosphate par- 
ticle of sluny raw material is of submlcron order. 

39. A method according to any one of claims 36 to 38, 
wherein a porous body has a particle diameter of 

50 approximately 0.1 \in\ in a dry state, and a particle 
diameter of approximately 2-3 tun by particle diam- 
eter growth after sintering. 

40. A method according to any one of claims 36 to 39, 
55 wherein a pore shape of a raw material particle is 

stabilized by cross-polymerizable resin which is pol- 
ymer. 
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41. A method according to any one of claims 36 to 40, 
wherein a submicron particle performs grain growth 
by sintering to be a particle having a diameter not 
more than 5 micron, and a skeleton becomes a 
compact apatite structure by the grain growth. s 

42. A method according to any one of claims 36 to 41 , 
wherein a porous part (32) comprised of a calcium 
phosphates sintering body is installed In the com- 
pact part (31). 10 
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